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MINUTES THE MEETINGS 
THE 
AMERICAN PHILOSOPHICAL SOCIETY 


DURING 1926. 


Stated Meeting, January 


Francis Dercum, A.M., M.D., Ph.D., Vice-President, 
the Chair. 


The decease the following member was announced: 

Edward Morse, A.M., Ph.D., Salem, Mass., De- 
cember 20, 1925, 87. 

Professor William Scott read paper “The Isthmus 
Panama Controlling the Animal Life North and South Amer- 
which was discussed Messrs. Sydney Fisher and Hamp- 
ton Carson, and illustrated lantern slides. 

Professor Scott also exhibited the brain cast Pithecanthropus. 

Dr. Horace Richards proposed the following amendment 
the laws and also that the clause ‘‘and Library”’ should omitted 
from Chapter VIII, Section 


CHAPTER IX. 


need not member the Society. 

have under the direction the Library Committee the custody 
and care the books, manuscripts, maps, globes, charts, engravings, photo- 
graphs and other printed written matter belonging the Society, which 
shall dispose and arrange such manner shall judged most convenient. 
shall keep catalogue them, well record the names the donors. 

shall attend the Library daily, except Sundays and legal holidays, 
during such hours the Society shall direct, except when allowed leave 
absence the presiding officer the Society; and shall lend out any 
resident member, who not indebted the Society for fines forfeitures, any 
books belonging the Library, except such volumes the Library Committee 
shall direct not lent. 


MINUTES. 


shall receive salary fixed the Council and paid monthly. 
shall present annually, before the third Friday January, the 
Library Committee, report the condition and needs the Library. 


Dr. Richards proposed that the above amendment should in- 
serted the Laws Chapter IX, and that the succeeding chapters 
should renumbered. 


Special Meeting, January 20, 


Dercum, A.M., M.D., Ph.D., Vice-President, 
the Chair. 


Professor Monroe Snyder, Director Emeritus the Phila- 
delphia Observatory, read paper Atomic Vol- 
canism and the Millikan Cosmic Rays,” which was illustrated 
lantern slides and discussed Mr. Goodwin, Dr. Dr. 
Dercum, Professor Snyder and guest. 


Stated Meeting, February 


A.M., M.D., Ph.D., Vice-President, 
the Chair. 


Dr. Richards, Chairman the Library Committee, presented 
list the Frankliniana which William Mason, Esq., presented 
the Society. motion was made and unanimously carried that the 
thanks and appreciation should extended Mr. Mason. 


Hampton Carson, Esq., presented address Commemora- 
tion Dr. Minis Hays. 


Stated Meeting, March 1926. 


A.M., M.D., Ph.D., Vice-President, 
the Chair. 


The decease the following member was announced: 
Heike Kamerlingh Onnes, Ph.D., Sc.D., Leiden, Holland, 
February 21, 1925, 73. 
Professor George Parker, Professor and Director 
the Laboratory, Harvard University, read paper 


MINUTES. vii 


“The Life the Nerve which was illustrated lantern 
slides and discussed Dr. Goodspeed and Dr. Dercum. 
The Committee Nomination Officers made its report. 


Stated General Meeting, April 22, 23, 24, 


Sc.D., Ph.D., LL.D., President, 
the Chair. 


Opening Session, Thursday Afternoon, pril 22d. 


A.M., M.D., Ph.D., Vice-President, 
the Chair. 


The following papers were read: 

Cross-fertility and Cross-sterility Shepherd’s 
George Shull, B.S., Ph.D., Professor 
Botany and Genetics, Princeton University, Herbert 
Riley, B.S., and Edmund Kiedrowski. Read Mr. Kie- 


drowski. 

Ph.D., University Illinois. (Introduced Professor 
William 

Puzzling Pepper William Trelease, Sc.D., 
LL.D., Professor Botany, University 

“Research the Boyce Thompson John 
Coulter, A.M., Ph.D., Boyce Thompson Institute for Plant 
Research. 

Haploid (In) Datura and Their Bearing the 
Theory Hybrid Origin Albert Blakeslee, 
A.M., Ph.D., Assistant Director and Resident Investigator 
Plant Genetics, Carnegie Station for Experimental Evolu- 
tion, Cold Spring Harbor, I., Discussed 
Professor Shull. 

Charles Allen, B.S., Ph.D., Professor Botany, 
University Wisconsin. 


MINUTES. 


MacDougal, Ph.D., LL.D., Director, Laboratory for Plant 
Physiology, Carnegie Institution Washington. Discussed 
Messrs. Donaldson, MacDougal, Dercum and Harsh- 
berger. 

Accurate Identification Wind-borne Pollens for Diag- 
nostic Tests Hay Fever,’’ George Moore, A.M., 
Ph.D., Director, Missouri Botanical Garden, St. Louis, Mo. 
Discussed Messrs. Scott, Dercum, Allen and Moore. 

Temperatures the Tissues which Accompany Tem- 
perature Henry Bazett, F.R.C.S., M.D., 
A.M., Professor Physiology, University Pennsylvania. 
(Introduced Dr. Alexander Abbott.) 

“The Mechanism Chemical Hugh Taylor, 
Ph.D., B.Sc., M.Sc., Assistant Professor Physical 
Chemistry, Princeton University. (Introduced Professor 
George Hulett.) 

“The Metabolism Uric Withrow Morse, 
Ph.D., Professor Physiological Chemistry and Toxicology, 
Jefferson Medical College. (Introduced Dr. Francis 
Dercum.) Discussed Dr. MacDougal. 

Garigue and John Harsh- 
berger, A.B., B.S., Ph.D., Professor Botany, University 
Pennsylvania. 

“Corals vs. William Setchell, A.M., 
Professor Botany, University California. Read 
title. 

“The History Ginothera biennis 
Bradley Moore Davis, A.M., Ph.D., Professor Botany, 
University Michigan. Read title. 


Friday, 23d. 
Executive Session, 


CHARLES Sc.D., Ph.D., LL.D., President, 


the Chair. 


The President delivered his annual address. 
The Finance Committee made its report. 


MINUTES. 


Morning Session, 10:30 


Sc.D., Ph.D., LL.D., President, 
the Chair. 


The following papers were read: 

Stewart Paton, M.A., M.D., 
Lecturer Neurobiology, Princeton University. 

Newer Knowledge Physiological Action Ultra-Violet 
Alfred Hess, A.B., M.D., Clinical Professor 
Pediatrics, University and Bellevue Hospital Medical Col- 
lege, New York. (Introduced Dr. Henry Donaldson.) 
Discussed Drs. Goodspeed and MacDougal. 

“The Growth Functional Neurones and Its Bearing upon 
the Development George Coghill, A.B., 
Ph.D., Professor Comparative Anatomy, The Wistar 
Institute. (Introduced Dr. Clarence McClung.) 

“The Present Status Long-Range Weather 
Robert DeC. Ward, A.M., Professor Climatology, Harvard 
University. 

Greenland Expedition the University Michigan,” 
William Hobbs, S.B., A.M., Ph.D., Ann Arbor, 
Michigan. 

“The Hittite George Barton, A.M., Ph.D., 
D.D., LL.D. 

Entry into Paul Haupt, A.M., 
LL.D., Professor Semitic Languages, Johns Hopkins Uni- 
versity. Read title. 

Problems Northeastern America and Their Bear- 
ing upon Asiatic and Eskimo Frank Speck, 
A.B., A.M., Ph.D., Assistant Professor Anthropology, 
University Pennsylvania. (Introduced Dr. 
Hrdlitka.) 


Afternoon Session, 
Norris A.M., Ph.D., the Chair. 


Dr. Albert Blakeslee and Dr. Joel Stebbins subscribed the 
Laws and were admitted into the Society. 


MINUTES. 


The following papers were read: 


the Kinetic Theory Gravitation. III. Exper- 
imental Evidence Supporting Theory; Continual Generation 
Heat some Igneous Rocks. Its Relation the Internal 
Heat the Earth and Presumably the Charles 
Brush, Sc.D., Ph.D., LL.D., Cleveland. 

Are the Causes the Earth’s Magnetic Storms?” 
Louis Bauer, C.E., M.S., M.A., Ph.D., Sc.D., Director, 
Department Terrestrial Magnetism, Carnegie Institute 
Washington. 

Results the Eclipse 1925, January Ernest 
Brown, M.A., Sc.D., Professor Mathematics, Yale 
University. Discussed Dr. Samuel Mitchell. 

“The Flash Spectrum the 1925 Samuel 
Mitchell, M.A., Ph.D., LL.D., Professor Astronomy and 
Director the Leander McCormick Observatory, University 
Virginia. Discussed Dr. John Miller, Dr. Henry 
Russell, Dr. Ernest Brown and Dr. Louis Bauer. 

Further Contribution the Mode Regulation Urine 
Alfred Richards, Ph.D., Professor 
Pharmacology, University Pennsylvania. (Introduced 
Dr. Alexander Abbott.) Discussed Dr. Donaldson. 

Louis Dennis, Ph.B., B.S., Sc.D., Pro- 
fessor Inorganic Chemistry, Cornell University. 
duced Professor Edgar Smith.) Discussed Dr. 
Henry Russell. 

“Oxides John Miiller, A.M., Ph.D., 
duced Professor Edgar Smith.) Discussed Dr. 
Henry Russell. 

“Analytical Chemistry Selenium and Tellurium,” Victor 
Lenher, Ph.D., Professor Chemistry, University Wis- 
consin. (Introduced Professor Edgar Smith.) Read 
title. 

Edgar Smith, Ph.D., Chem.D., Sc.D., 
L.H.D., LL.D., Litt.D., M.D., Past Provost and Professor 
Chemistry, University Pennsylvania. Read title. 


q 
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Spiral Polygons Presenting Themselves 
Electrical Arthur Kennelly, A.M., 
Professor Electrical Engineering, Harvard University. 

Atomic Volcanism and the Ultimate 
Monroe Snyder, M.A., Director Emeritus the Phila- 
delphia Observatory. Read title. 

Friday evening, April 23d, Robert Millikan, A.B., Ph.D., 
LL.D., Director the Norman Bridge Laboratory Physics, 
California Institute Technology, spoke the Fifteen 
Years Physics.”’ 


Saturday, 24th. 


Executive Session, 9:30 


Sc.D., Ph.D., LL.D., President, 
the Chair. 


Dr. Armin Leuschner and Dr. Frank Leverett, recently 
elected members, subscribed the Laws and were admitted into the 
Society. 

The Society proceeded election. The Tellers subsequently 
reported that the following officers and members duly 


President. 
Charles Walcott. 


Vice-Presidents. 


Henry Osborn, 
William Campbell, 


Francis Dercum. 


Arthur Goodspeed, 
John Miller. 


Curator. 
William Wilson. 


Treasurer. 
Eli Kirk Price. 
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Councillors. 
(To serve for years.) 
Herman Ames, 
Whitman Cross, 
Walton McDaniel, 
Oswald Veblen. 


Members. 
Irving Bailey, 
James Beck, 
Gilbert Ames Bliss, 
John Cadwalader, Jr., 
Roland Burrage Dixon, 
William Charles Lawson Eglin, 
William Gest, 
Charles Hughes, 
Charles Kenneth Leith, 
Ralph Modjeski, 
Oscar Riddle, 
John Scott, 
William Swann, 
Henry Osborn Taylor, 
Alfred North Whitehead. 


The amendment the Laws presented Dr. Horace 


Richards the Stated Meeting January 8th, 1926, was approved 
the Society. 


Morning Session, 


HENRY FAIRFIELD Sc.D., Ph.D., LL.D., Vice- 
President, the Chair. 


The following papers were read: 

“The Pleistocene Glacial Stages: Were There More Than 
Frank Leverett, B.Sc., Lecturer Glacial 
Geology, University Michigan. 

M.S., Ph.D., Assistant Professor Geology, Princeton 


MINUTES. xiii 


University. (Introduced Professor Charles Smyth, 
Jr.) 

“The Present Condition Knowledge the Composition 
George Merrill, Ph.D., Sc.D., Head 
Curator, Department Geology, National Museum. 

Proposed Railroad Summer School Geology Prince- 
Geology, Princeton University. (Introduced Professor 
William Scott.) 

Park Museum, Providence, (Introduced Professor 
William Scott.) 

the Studies Race and Race Mixtures, with 
Special Reference the Work Carried Harvard 
University,” Ernest Hooton, B.A., M.A., Ph.D., 
B.Litt. (Introduced Dr. 

Peopling Asia the Light New Evidence,” 
Hrdlitka, M.D., Curator, Division Physical An- 
thropology, National Museum. 

Surfaces, and the Problem Coastal 
Douglas Johnson, Ph.D., Professor Physiography, 
Columbia University. 


Afternoon Session, 


Sc.D., Ph.D., LL.D., President, 
the Chair. 


portrait William Berryman Scott, M.A., Ph.D., 
LL.D., President Robert Vonnoh, was presented, 
behalf the Society, Henry Fairfield Osborn, Sc.D., 
LL.D., Vice-President. 

The symposium followed, the subject being American 
Civilizations and Their Relation One 

Introduction M.D., Curator, Division 
Physical Anthropology, National Museum. 

The following papers were read: 

“The Maya Civilization and Its Relation the Surrounding 
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Alfred Tozzer, Ph.D., A.B., A.M., Pro- 
fessor Anthropology, Harvard University. 

“The Prehistoric Charles Mead, Honorary 
Curator Peruvian Archeology, American Museum 
Natural History. 

“The Cultures Northwestern South America and Their Re- 
lations Central Marshall Saville, Professor 
American Archeology, Columbia University. 

“The Aztecs and Their Predecessors the Valley 
Zelia Nuttall, Honorary Professor Na- 
tional Museum, Mexico. Read title. 

“Samuel Pierpont Langley and Modern Charles 
Walcott, Secretary, Smithsonian Institution. 


Stated Meeting, November 


Dercum, A.M., M.D., Ph.D., Vice-President, 
the Chair. 


John Scott, Esq., newly elected member, subscribed the Laws 
and was admitted into the Society. 

Acceptances membership were received from Irving 
Bailey, James Beck, Gilbert Ames Bliss, John Cadwalader, Jr., 
Roland Dixon, William Eglin, William Gest, Charles 
Hughes, Charles Leith, Ralph Modjeski, Oscar Riddle, John 
Scott, William Swann, Henry Taylor and Alfred White- 
head. 

The decease the following members was announced: 


William Hyde Appleton, A.M., Ph.D., LL.D., Philadelphia, 
April 1926, 84. 

John Smock, M.A., Ph.D., LL.D., Hudson, New York, 
April 21, 1926, zt. 83. 

Oscar Straus, A.M., LL.D., Litt.D., New York, May 
1926, 76. 

Henry Skinner, M.D., Sc.D., Narberth, Pa., May 30, 1926, 
65. 

John Percival Postgate, Litt.D., Cambridge, England, July 
15, 1926, 72. 


| 
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Allen Smith, A.M., M.D., Sc.D., LL.D., St. Davids, Pa., 
August 18, 1926, 63. 

Charles William Eliot, A.M., M.D., Ph.D., LL.D., Northeast 
Harbor, Me., August 22, 1926, zt. 92. 

William Romaine Newbold, A.B., Ph.D., LL.D., Philadel- 
phia, September 26, 1926, 61. 

Francis Nipher, B.S., A.M., LL.D., St. Louis, October 
1926, 78. 

Emlen Hutchinson, A.B., Bryn Mawr, Pa., October 24, 
1926, 83. 

Professor John Harshberger, Professor Botany, University 
Pennsylvania, read paper Alaska and Its which 
was illustrated lantern slides and discussed Professors Scott 
and Leverett. 

After the reading the paper informal communications were 
called for and Dr. Frank Leverett read paper Remarkable 
Lobations the Ice-border Eastern which was 
discussed Dr. Wilson, Dr. Harshberger and Professor Scott. 


Meeting the Society, December 


Dercum, A.M., M.D., Ph.D., Vice-President, 
the Chair. 


William Gest, Esq., Professor William Eglin and John 
Cadwalader, Jr., Esq., newly elected members, subscribed the Laws 
and were admitted into the Society. 

The decease was announced the following member: 

James Furman Kemp, A.B., E.M., LL.D., Great 
Neck, Long Island, November 17, 1926, 67. 

Professor Parsons Schaeffer, Professor Anatomy, Jefferson 
Individual Anatomy Man,” which was illustrated lantern 
slides and discussed Dr. McClung and Dr. Dercum. 


OBITUARY NOTICES MEMBERS 
DECEASED. 


ADDRESS HAMPTON CARSON COMMEMORA- 
TION MINIS HAYS. 


Read before the American Philosophical Society, February 1926. 


Mr. President and Fellow Members the American Philosophical 
Society: 


The partiality colleagues has assigned the agreeable 
privilege delivering address commemorative our late asso- 
ciate, Minis Hays. 

The services rendered Dr. Hays this Society, through the 
many years his active membership, were such timely and con- 
tinuous consequence that their substantial value and exact character 
cannot placed their proper perspective without attempting 
outline sketch the history the Society itself, serve suit- 
able background. 

generally known that the full title the Society, 
present constituted, that AMERICAN PHILOSOPHICAL 
EDGE. That the title conferred the Act Incorporation en- 
acted the Representatives the freemen the Commonwealth 
Pennsylvania General Assembly Wednesday, the 15th 
March, Anno Domini, years before the organization the 
Government the United States under the Constitution framed 
two years earlier the Federal Convention. 

Prior the granting this Charter 1780, the same name had 
been used unincorporated body since the 2nd January, 1769, 
which time the first meeting under that title was held, and its first 
election officers took place. This unincorporated body, under this 
title, was the result the union two prior societies existing 
rivals side side, zealously engaged the same pursuits, and com- 
posed about one-tenth the same members. One had been known 
AMERICAN HELD PHILADELPHIA FOR PROMOT- 
ING AND PROPAGATING USEFUL KNOWLEDGE,” and the other 
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AMERICAN The first and older body— 
originally called had been sustained the Popular 
Party led Franklin, and the second the Proprietary Party led 
Deputy Governor James Hamilton. Good sense finally prevailed 
sacrificing little jealousies and political dissensions the honor 
their country and the advantage science joining band 
brothers for the advancement knowledge. not difficult 
ascertain that the influence and views Franklin were pre- 
dominant. 

The existence the second Society, like that the first, was due 
Franklin. 1743, Franklin had issued circular entitled 
proposal for Promoting Useful Knowledge Among the British Plan- 
tations America,” and that well-known paper had urged 
one Society formed virtuosi, ingenious men, residing 
the several colonies, called the American Philosophical 
Society, who are maintain constant correspondence. That Phila- 
delphia, being the city nearest the center the continent colonies, 
communicating with all them northward and southward post, 
and with all the islands sea, and having the advantage good 
growing the center the Society.” The proposition 
was favorably received, and Franklin, when New York the 
spring 1744, wrote Cadwallader Colden, the Governor that 
Province: can now acquaint you that the Society, far re- 
lates Philadelphia, actually formed, and has had several meet- 
ings mutual satisfaction.” this Hopkin- 
son was President, and Benjamin Franklin was Secretary, with 
Thomas Bond Physician, John Bartram Botanist, Thomas God- 
frey Mathematician, William Parsons Geographer, and Dr. 
Phineas Bond General Natural Philosopher among its members. 
This body was distinct from the original Junto. 

Later, the friends the Proprietary Party, which was the 
political foe Franklin and his followers, dominated the younger 
association recruited largely from their own adherents. Governor 
John Penn became its Patron, and enjoyed his special countenance 
and protection. They worked under the THe AMERICAN 


The Philadelphia Library, founded Franklin 1731. 


= 
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PHILOSOPHICAL although the claim Franklin 
authorship this collocation words indisputably established 
his Proposal 1743. 

1764, Franklin went abroad, but his party friends, stimulated 
letter written him 1765 his friend, Hugh Roberts, urging 
that would continue meet the because was one the 
oldest Clubs, was one the best the King’s dominions,” 
revived reorganized the Junto, and December, 1766, extended its 
scope admitting non-residents and changed its name THE 
AMERICAN HELD PHILADELPHIA FOR PROMOTING AND 
absent abroad—as its President, and Charles Thomson its Secre- 
tary. 

For some years, the two societies continued clash, but, after 
year spent the elaboration details and the exercise much 
diplomacy, terms were mutually agreed upon, resulting, 1769, 
the complete union the two bodies under the present title, which 
clearly combination the titles both Societies. 

The candidacy for the Presidency the conjoined Society led 
active contest. The name Dr. Franklin, who had been the 
President The American Society since 1766, was pitted against 
that Ex-Governor James Hamilton, who had been President 
The Philosophical Society since 1763. Ina poll eighty-nine votes 
Franklin, although absent from the country and not returning until 
1775, was elected and was annually reélected until his death 1790. 

1840, Peter DuPonceau, then President this Society, 
read, June 26th, Historical Account the Origin and Form- 
ation the Society.” With the fullest conviction the soundness 
his thesis maintained that “the American Society’ was 
other than the Junto,” established Franklin 7727. His argu- 
ment occupied more than pages. His views were keenly opposed. 
Joshua Francis Fisher, paper, read also June 26, 1840, con- 
tested the identity the original Junto with that The American 
Society Held Philadelphia for Promoting and Propagating Useful 
Knowledge. 

The matter was thought sufficient importance justify the 
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immediate appointment Dr. Franklin Bache, Judge John Kane, 
Professor Bache and Dr. Robley Dunglison special com- 
mittee study the evidence. After more than year’s investigation, 
careful report pages was presented, which the following 
conclusions were stated 


That the present Society was formed, the 2nd January, the 
Union the American Philosophical Society” and The American 
Society, held Philadelphia for Promoting Useful Knowledge.” 

That the Philosophical Society was founded Franklin the 14th 
May, 1743, (old style corresponding 25th May new style), this being 
the date the publication his Proposal for Promoting Useful 
Knowledge among the British Plantations America.” 

That the American Society was begun under the name the Junto, and 
bore this name from the year 1750, the earliest recorded date its exis- 
tence, until the 13th December, 1766. 

That the evidence before the Committee does not establish the identity 
the Junto which was formed Franklin 1727, with that which after- 
wards became the American Society; though they appear have been 
the same many marked particulars. 

That dating from the establishment the elder parent Society, our cen- 
tennial anniversary should celebrated the 14th (25th, new style) 
May, 1843. 

That Franklin, having established one our parent Societies, and fur- 
nished, his Junto, the model the other, justly entitled 
called our founder. 


The Committee, however, admitted that chasms still remained 
our early annals which required filled up, that doubts existed 
some points, and discrepancies opinion others. Hence, they re- 
frained from giving publicity the Society’s early history its then 
imperfect state, and suggested delay action the hope obtain- 
ing more facts. was: Resolved that the papers Mr. DuPon- 
ceau and Mr. Fisher, together with the supplementary contributions, 
deposited the Archives, valuable contributions the early 
history the Society.” 

The papers and the evidence were deposited the 15th Oc- 
tober, 1841, and were undisturbed for years. 

Acting the recommendation the Committee, that, dating 
from the establishment the elder parent Society, our centennial 
anniversary should celebrated the 14th (25th, new style) 
May, the Society, still under the Presidency the venerable 


Conclusion No. supra. 
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DuPonceau, met noon, the day designated, the 
the Musical Fund Society, and celebrated with formal and interesting 
exercises The Hundredth Anniversary the Organization the 
Association, under the name the American Philosophical Society.” 
After brief opening address President DuPonceau, Robert 
Patterson, M.D., one the Vice-Presidents, delivered discourse 
which touched the subject with delicacy but with clearness. 
quite evident that regarded plausible that the Junto,— 
scientific body,” was “one the branches which our present 
Society composed, and least the original after which that 
branch was modelled.” avoided discussion niceties, 
planting himself upon the then undisputed ground that Franklin’s 
Proposal May 14-25, 1743, was “the true origin The Ameri- 
can Philosophical Society.” 


‘ 


Fifty years passed without renewed examination the relations 
the Society the Junto. From May 26, 1893, the Society 
commemorated the Sesqui-Centennial Anniversary its existence. 


President Fraley, then nonagenarian and sightless, address, 
remarkable its grasp upon the scientific progress the age, with- 
out discussion even passing reference the Junto, alluded the 
origin the Society springing from Franklin’s Proposal 1743, 
and stated that Franklin’s view that was favorable time for 
bringing the scientific men the country into unison and establish 
Society having for its model the Royal Society London.” 

one, among the numerous speakers that occasion, cast his 
eyes back upon the past endeavored even indirect suggestions 
recall the Junto. 

And the years ran on, until 1907, the Carnegie Foundation 
for the Advancement Teaching reported definition date 
Founding. Date Founding,” declared, meant the year 
which the institution was established out which the present 
college university has developed. Thus the year 1780 the date 

Proceedings The American Philosophical Society, Vol. 
Patterson’s Discourse, 3-35. 


Proceedings The American Philosophical Society, Vol. May 
1893, No. 143, 17. 
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the foundation academy Washington, Pennsylvania, from 
which Washington and Jefferson College 

This definition stimulated inquiries among 
arousing general interest what may called corporate genea- 
logical researches the ancestries American institutions claim- 
ing venerable. The University Pennsylvania, the Pennsyl- 
vania Hospital, the Philadelphia Library Company and this Society, 
particular, became zealous competitive efforts establish un- 
doubted Franklin parentage. 

February 18, 1910, Charlemagne Tower, James Mitchell, 
Mayer Sulzberger, Samuel Dickson, Hampton Carson, 
Cheyney, Francis Gummere, Keen and Minis Hays were 
appointed Committee “to investigate and determine the date 
the foundation the After four years close re- 
search, rewarded the discovery new matter, consisting long- 
forgotten letters, diaries, addresses, the Junto Minute Book, and 
carefully compiled Chronological Statement covering the life 
Franklin between 1727 and 1790, elaborate report was presented 
and read before the Society Mr. Tower, Chairman, May 
1914. were, point fact, two reports—the report presented 
Mr. Tower was also signed Messrs. Sulzberger, Carson, Gum- 
mere, Dickson, Keen and Hays. These gentlemen discussed with 
particularity the old evidence examined the Committee 1840, 
well the newly discovered data, and reviewed the differences 
opinion between Mr. DuPonceau and Mr. Fisher. The assumption 
two distinct Juntos, which rested the whole case the older 
Committee, was held untenable, and the opinion was reported 
that 1727 was the date the foundation this Society. Professor 
Cheyney, separate report, while agreeing with the main conclu- 
sion that the origin The American Philosophical Society should 
carried back the Junto founded Franklin 1727, was unable 
agree with one section the reasoning which the result had 
been reached. argued favor the two forms Junto, and 
urged that while might fairly claimed that The Philosophical 
Society was derived from the ancient Junto, yet was through 
younger branch. 


Second Annual Report President and Treasurer Carnegie Foundation, 
1907, 18. 
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These views were reconciled supplemental report signed 
all nine members. Professor Cheyney attached his signature, and the 
name Chief Justice Mitchell appeared for the first time approv- 
ing the report recast. The findings the entire Committee were 
stated follows: 


The question whether Franklin was proper sense the founder our 
Society not doubt. founded The American Philosophical Society 
1743. founded the Junto 1727. The development junior Junto 
—if such thing occurred—was unquestionably due the impetus the 
older Junto; and the change the local Junto into Society which included 
corresponding members from other colonies was mere broadening its pur- 
pose. the sense the ruling the Carnegie Foundation clear that 
when Franklin founded his original Junto, became the founder the Ameri- 
can Society. admitted all the founder the Philosophical 
Society. Our Society therefore owes its origin him both sides.” 

not likely that conclusion deliberately reached will ever 
disturbed. Apart from the patience and the time expended 
research, the personnel the Committee was unusual. The Chair- 
man, Ambassador the United States the Courts Vienna, 
St. Petersburg and Berlin, was the biographer Lafayette; the 
other members the Committee included the Chief Justice Penn- 
sylvania and the President Judge Court Common Pleas; two 
active trial advocates the bar, one them former Attorney 
General Pennsylvania; two eminent teachers history, one 
them Professor the University Pennsylvania, the other Pro- 
fessor Bryn Mawr College; world renowned surgeon, the Presi- 
dent the Society, and the indefatigable Secretary the Society, 
whose exact knowledge Franklin literature was unrivalled. 
them were men zealous the pursuit historical facts, skilled 
analytical examination, experienced the sifting and weighing 
evidence, cautious the formation opinions and jealous guard- 
the reputation the Society against indiscreet publications. None 

Historical Account the Origin and Formation The American 
Philosophical Society Held Philadelphia For Promoting Useful Knowledge 
Peter Stephen DuPonceau, President the Society, with the Communica- 
tion Francis Fisher, Esq., and the Report the Committee which these 
Papers were Referred, Read October 15th, And the Report The Com- 


mittee the Date the Foundation the Society, Accepted May 
Philadelphia. The American Philosophical Society, 1914. Octavo—196 pages. 
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brought the study the problem preconceptions the result, and 
none subscribed the final report with mental reservations. 

had been demonstrated that the American Philosophical Society 
was the oldest learned Society America, and one the oldest 
the world. tracing its origin Franklin’s famous 
had vindicated the declaration its ancient charter that its objects 
were The prosecution and advancement all useful branches 
knowledge, for the benefit their country and mankind.” 

member the Committee, may not say the 
did the significance this report appeal strongly Dr. Hays. 
Familiar intensive sense with the career Franklin, touching 
daily for years with his own fingers and reading with his own eyes 
the originals the documents and letters Franklin the posses- 
sion the Society, the largest and most precious deposit such 
material existence, had become thoroughly saturated with 
knowledge the man and all the phases his astonishing career. 
the course time became Franklin worshipper, and regarded 
the Society, actually well historically, the embodiment his 
scientific spirit. selfish desire exploit himself, laid 
aside all other occupations and devoted his time, his strength and his 
persistent energy building and fortifying the Society, 
active instrument support Franklin’s far-reaching plans. One 
our fellow-members, who knew him well, has expressed 
Dr. Hays’ life was ellipse with Benjamin Franklin and 
The American Philosophical Society the This the 
key Dr. Hays’ work our behalf, and eminently fitting that 
should meet tonight pay just tribute his labors. 

The paternal grandfather Dr. Hays was Samuel Hays, 
wealthy merchant, who, coming from New York, married Phila- 
delphia, 1794, Richea Gratz, whose father and uncle, Michael and 
Bernard Gratz, were Signers the celebrated Non-Importation 
Agreement November 1765. The sister Mrs. Hays was 
Rebecca Gratz, the lifelong friend Washington Irving, who fur- 
nished Sir Walter Scott captivating account her beauty 
and character that the great novelist made her the heroine Ivanhoe. 

Isaac Hays, born July 1796, the son Samuel and Richea 
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(Gratz) Hays, married, the mature age thirty-eight years 
1834, Sarah Minis Savannah, Georgia, whose ancestors had come 
America personal friends James Oglethorpe help him 
found his colony, which was the last the original Thirteen. The 
grandfather Sarah Minis, Philip Minis, was the first white male 
child born the colony Georgia.* 

Isaac Hays, the father our late Associate, after having been 
classically educated the school Rev. Dr. Samuel Wylie, and 
the Department Arts the University Pennsylvania, rose 
distinction the medical profession. His career, from 1820 
1879, was marked devotion Natural Science, and the high- 
est interests Medicine. was the editor 1828 
American Ornithology, and was the correspondent Prince Charles 
Lucien Bonaparte, himself one the most eminent ornithologists. 
Isaac Hays made his mark member this Society early 
1831, reading paper upon the Mastodon Giganteus, which was 
favorably commented upon Dr. John Warren Boston late 
1852. 1865, became the President the Academy 
Natural Sciences, and was annually reélected until advancing years 
persuaded him retire. Quite early his professional life made 
special study the eye, and published several papers the Phila- 
delphia Journal the Medical and Physical Sciences, which, Pro- 
fessor Alfred Stillé has asserted, “laid the foundation the high 
repute which Dr. Hays afterwards attained ophthalmic surgeon, 
and probably determined his selection one the first surgeons 
instruments used performing operations for cataract, which still 
called Hays’ Knife.” was, however, the Editor The Ameri- 
can Journal the Medical Sciences, from 1827 1879, period 
almost fifty-three years, that performed his most important 
services. gave that work cosmopolitan character which has 
constantly become more perfect, and which was never tarnished 

These particulars were furnished Mrs. Caspar Frederick Goodrich, the 
daughter Dr. Minis Hays. 

Memoir Isaac Hays, M.D., Read before the College Physicians, 


February 1880, Alfred Stillé, LL.D. Transactions, Series, 
Vol. 
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his negligence Dr. Billings, his Centennial 
History American Literature,” described the Journal 


The ninety-seven volumes this Journal need eulogy. They contain 
many original papers the highest value; nearly all the real criticisms and 
reviews that and such carefully prepared summaries the progress 
medical science, and abstracts and notices foreign works, that from this 
file alone, were all other productions the press for the last fifty years 
destroyed, would possible reproduce the great majority the real con- 
tributions the world medical science during that period.” 

the work this Journal Dr. Hays was aided his son, Dr. 
Minis Hays for period ten years. 

Having, way introduction, glanced the main influences 
which shaped the character and animated the efforts the late Sec- 
retary this Society, are now prepared follow with under- 
standing the particulars his unobstrusive but most useful and 
fruitful life. 

Isaac Minis Hays, or, was better known, Minis Hays, 
was born the City Philadelphia, July 26, 1847. Although 
was five years older than the present speaker and therefore one 
the bigger boys school, well remember him the upper classes 
tall, thin, studious-looking lad the Classical Institute that 
very able but old-fashioned teacher, addicted the use the rod, 
the late Dr. John Faires, fragrant memory. not remem- 
ber him College, had graduated from the Department 
Arts the University Pennsylvania 1866, but recall him 
frequent visitor with his father father’s house, and such 
was the intimacy between that never resented being called 
younger boy. the day his death was 
close and confidential friend. had many interests common 
and throughout life, and although had many differences 
opinion, our mutual regard was unclouded. 

received his medical degree from the University Pennsyl- 
vania 1868, and that A.M. 1869. the latter year be- 
came assistant editor The American Journal the Medical 
Sciences, eventually succeeding his father the editorship 


Thid., 16. 
quoted Dr. Stillé his Address. 
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position which held until 1890. also edited the Medical 
News from 1878 1889. His specialty was ophthalmology, and 
this domain wrote several articles. early 1873, edited 
the American edition Soelberg Wells’ Treatise the Diseases 
the 

1876, during the time the Centennial Celebration our 
Independence, was Secretary-General the International Medical 
Congress which met this city. was active for many years 
member the Association American Physicians, and for twenty 
years was Chairman and member the Library Committee the 
College Physicians Philadelphia. 

are now view him field distinction which made 
peculiarly his own. find him gradually withdrawing from his 
medical environment and entering one which brought him into close 
contact with men all callings and professions promoting improve- 
ments public nature which, the noble language the preamble 
the charter this Society, best carried Societies 
liberal and ingenious men, uniting their labours, without regard 
nation, sect party, one grand pursuit, alike interesting all, 
whereby mutual prejudices are worn off, humane and philosophical 
spirit cherished, and youths are stimulated laudable diligence 
and emulation the pursuit wisdom.” 

The first twenty years his life following the taking his 
medical degree were but preparatory for the tasks was then 
assume, and his preliminary training, although highly specialized, 
was well adapted nurture his later intellectual development. His 
long association with his father and his own responsibilities 
editor had brought him into familiar touch with all treatments, dis- 
coveries, instruments, operations, remedies and devices affecting the 
larger interests medical science and surgery, closely allied with 
botany, chemistry, pharmacology and medical jurisprudence and toxi- 
cology. The learning the medical world, overleaping national and 
local barriers, sought the pages the American Journal 
Medical Sciences and earned either recognition criticism. The 
broadening effect such experience was inescapable. too, 
his training librarian disciplined him the arrangement 


Amer. Journal Med. Sciences, July, 1925, Sketch Dr. Hays. 
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books, the classification subjects, the collection material, and the 
dissemination knowledge. too, learned the importance 
discussion, and the value derived from Congresses experts, 
assembled announce the results special investigations de- 
bate and criticize prevalent theories and practices. 

was February 19, 1886, the age thirty-nine years, that 
became member this Society, under the Presidency Fred- 
erick Fraley, and continued such under the terms Isaac 
Wistar, Edgar Fahs Smith, Keen and William Scott. His 
membership number was 2,071, the list being headed Franklin 
1769. Since Franklin’s day have had date 2,879 members. 
was not long before his peculiar talents were perceived and availed of. 
January 1897, became Secretary, retiring from the office 
Senior Secretary May 1922, continuous incumbency 
twenty-five years. During the year 1897, served Librarian pro 
tem, became Librarian January 21, 1898, retiring May 1922, but 
serving Chairman the Library Committee from that date until 
his death June 1925. 

His was not disposition sit easy chair sunny corner 
and browse upon the dusty volumes that chance threw his way. 
immediately set work discover what treasures possessed, 
whether books, manuscripts, documents, pamphlets, letters, portraits, 
engravings curios, illustrative our history nation, state 
city, our development Society enriching the literature 
science its broadest sense. found incongruous and ill- 
assorted mass, disorderly, inaccessible students, unappreciated 
its extent, variety and value, danger perishing from neglect and 
decay. passion for order, with reverence for the past, with 
high sense duty the present and the future, and with 
physical energy that knew not fatigue addressed himself the 
performance task that might well have discouraged less ardent 
spirit. Year and year out toiled indefatigably, and the results 
have been not only gratifying but also surprising. 

With zeal intense that propagandist felt that 
was Franklin’s Society, and that was aiding Franklin’s work. 
was fine thing sustained such enthusiasm. re- 


Rinks 
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vealed our treasures. Among these were the unrivalled deposit 
what proved about eighty per cent. all the known originals 
Franklin documents; the Jefferson draft the Declaration 
Independence his own handwriting, being the original autographic 
copy which Jefferson had sent Richard Henry Lee Virginia, in- 
terlined with amendments made the Continental Congress; 
original broadside the Declaration, scarce that record can 
found its public sale; the original Charter Privileges granted 
the colonists William Penn 1701; Penn’s Cash Book and 
many his important papers, well some belonging his Sec- 
retary, James Logan; manuscript volume the original certi- 
fied copies the Laws Pennsylvania prior 1700—containing 
the only known copy the earliest laws; the original manuscript 
minutes the Provincial Council Pennsylvania from 1693 
1716; the original note-books containing the field notes Lewis 
and Clark’s expedition for the exploration the Northwest 
1804-06; set the Indian treaties Pennsylvania; manuscripts 
relating the Stamp Act and Non-Importation Agreement; books, 
broadsides, pamphlets and imprints relating the entire Colonial and 
Revolutionary period; Priestley’s manuscript 
manuscript the language Lenni Lenape Delaware Indians, 
and the Minutes this Society practically complete and continuous 
from the year 1750 date, affording material for history science 
America which cannot found 

His feelings unearthing all these must have been closely akin 
those Sir Flinders Petrie far distant Egypt. was elation 
and not vanity that gave his smile self-conscious look, and im- 
parted his stride, walked from his desk our vaults pro- 
duce his exhibits, pride that was more than personal. 

was not collector nor acquisitor. was investigator, 
curator, interpreter, and expositor entire sympathy with the 
remark Nigel, the Baron the Exchequer Henry II, who once 
exclaimed: Know Sire! that buried learning, like buried treasure, 
yieldeth objects that Dr. Hays brought light and 

For illustrated description these and other articles see Plea for 


the American Philosophical Society and its Need New Building 
known Franklin House,” written John Frederick Lewis, Esq. 
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caused known the learned had long belonged the Society. 
They had not been bought nor acquired auction sales. They were 
the rich gifts public-spirited, patriotic, and generous men and 
women who laid aside individual pride possession for the public 
good the days Rittenhouse, Jefferson and DuPonceau. They 
had been lost sight and forgotten. They needed recognition, iden- 
tification, description, editing, classification, arrangement, protection, 
binding, indexing and cataloguing. All these things were done and 
well done, with intelligence and thoroughness. 

much for general view. Let now enter into some partic- 
ulars gleaned from the Minutes, although impossible more 
within the compass this address than touch briefly the salient 
points. this connection, wish acknowledge publicly obli- 
gations Mrs. Arthur MacNicholl, who, Miss Kirkpatrick, was 
Dr. Hays’ Secretary, Miss Hanson, and Mrs. Alexander 
Skinker, Assistant Secretary, for invaluable assistance compiling 
this material. 

His early acts were characteristic. While serving Librarian 
pro tem, 1897, asked for and secured appropriation for 
catalogues and catalogue case, well for binding, and arranged 
exchanges the Society’s publications with those other bodies 
for the benefit the library. suggested memorial Congress 
protesting against the proposed removal from the free list the 
pending tariff bill books, instruments, philosophical apparatus and 
works art imported for incorporated libraries and other institutions 
learning. secured the appointment Committee con- 
sider and report upon the advisability the Society’s publishing 
Calendar the Franklin Correspondence its possession, and also 
consider and report the historic relation the original docu- 
ment the manuscript copy the Declaration Independence 
Jefferson’s handwriting the possession the Society. called 
the attention Dr. Stone, the Librarian the Historical Society, 
the manuscript volume the Laws the Province Pennsyl- 
vania passed prior November 1700, which due course was 
brought the notice the State Commission engaged publishing 
the text the Statutes Large. secured also the appointment 
special committee examine the historical manuscripts and early 


OBITUARY NOTICE MINIS HAYS. 


American imprints the Library the Society and report 
what action would desirable take render them available for 
historical study. 

The next year became Librarian and continued until May, 
1922. During presented the results the examination 
the historical documents and imprints and furnished complete list 
manuscripts. secured report from experts the proper 
measures taken preserve the Jefferson Ms. the Declaration 
Independence, and verified the text comparison with the 
original Document the Department State Washington. 
April 1898, read Note the History the Jefferson 
Manuscript Draught The Declaration Independence,” which was 
masterpiece historical descriptive analysis, deserving the 
widest publicity means correcting the errors indulged 
hasty writers, and even eminent historians. Two weeks later, 
read paper entitled Journal kept During the siege Fort Wil- 
liam Henry, August December, presented his first 
report Librarian, which unfortunately remains unprinted, but which 
appears upon the Minutes, displaying how judiciously reorganized 
the library and made available for consultation. illustrates his 
skill bringing order out chaos. 

1899, secured the more frequent publication the Proceed- 
ings the Society, which furnished more prompt and attractive 
medium authors than had theretofore prevailed. 1900, read 
paper entitled Contribution the Bibliography the Declara- 
tion Independence.” This, too, permanent value, and should 
consulted cautious students. the same time aided the 
formulation rules regulate the manner noticing the deaths 
members. 

now approach his magnum opus. Such had been his dili- 
gence that towards the close the year 1900, was able report 
that arrangement the loose Franklin papers has been com- 
pleted. Two folio volumes have been bound, which makes all 
volumes bound and added our Franklin collection. Work has been 
begun repairing and mounting the volumes Franklin papers 


Both the above papers Dr. Hays are printed the Proceedings 
the American Philosophical Society, July, 1898, Vol. XXXVII, No. 157. 
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which are deteriorating their present condition. This important 
work being done such way that believed that will last 
long possible preserve Mss.” 

the following six years superintended the mounting all 
our Franklin documents 137 volumes, strongly bound red turkey 
Morocco, constituting about per cent. all known originals. The 
Letters Franklin occupy volumes 87; the Letters Franklin 
occupy volumes 137. bound large folio size. Be- 
sides these there are volumes Letters and from William 
Temple Franklin. 

All these were utilized Professor Albert Smyth writing 
his Life Franklin, and editing his authoritative edition 


Franklin Writings ten volumes, octavo. his Preface, Professor 
Smyth 


American Philosophical Society the depository the most valuable 
portion Franklin’s Manuscripts. immense collection. The stoutest 
heart might well appalled the volume and range these 13,000 documents, 
comprising correspondence carried nine languages with all the world, 
and dealing with every theory philosophy and every scheme politics 
familiar and unfamiliar the eighteenth century. deeply indebted the 
custodians the public collections Franklin’s papers. Chief all stands 
Dr. Minis Hays, the Librarian the American Philosophical Society, from 
whom came the first suggestion this undertaking, and who has never failed 
further its progress encouragement and fruitful suggestion. due 
his pride the Philosophical Society’s possession the Franklin papers and 
his urgent enthusiasm and unsleeping care, they have been admirably classified 
and calendared and made easily available scholars.” 


1904, Dr. Hays published The Chronology Benjamin 
Franklin,” and second edition appeared competent judge 
has pronounced this work “the best epitome” Franklin’s 
career that has ever seen, and added Our knowledge Franklin 
personality owes much the historical researches Dr. Hays.” 
1908, there appeared five noble volumes the Calendar the 
Papers Benjamin Franklin the Library the American Philo- 
sophical Society,” arranged Dr. Hays. The magnitude these 
tasks and the perfection their execution can appreciated only 
those who take the pains personal examination. 

April 1903, Dr. Hays, who always planned advance with 
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sufficiently ample margin time assure success, called the atten- 
tion the General Annual Meeting the approaching anni- 
versary the birth Franklin, which would occur January, 1906, 
and moved that proper steps taken commemorate the occasion 
befitting manner. committee twenty-six members, includ- 
ing many distinguished names, was appointed. admirable pro- 
gramme was arranged, the celebration lasting three days, which the 
University Pennsylvania, the Franklin Institute, the Pennsylvania 
Hospital, the Philadelphia Library, the Academy Natural Sciences, 
and learned bodies throughout the world participated representa- 
tion. President Eliot Harvard, the Honorable Joseph Choate, 
Dr. Horace Howard Furness, Hon. Elihu Root, and other well-known 
speakers delivered notable addresses. The memorial volume appeared 
1906, and preserves dignified form the utterances Franklin 
eulogists. 

Dr. Furness discoursed Franklin Citizen and Philan- 
thropist 

President Eliot Franklin Printer and Philosopher 

Mr. Choate Franklin Statesman and Diplomatist 

Mr. Carson Franklin and His Relations the University 
Pennsylvania 

Professor Nichols Franklin’s Researches Electricity 

Professor Rutherford Modern Theories Electricity and 
their Relation the Franklinian Theory.” 

Andrew Carnegie, Lord Rector St. Andrews, presented Ad- 
dress, which was followed Addresses from Sister Societies and In- 
stitutions Learning, both home and abroad. 

Mr. Root, Secretary State, presented France the gold 
medal authorized Congress, which was received the French 
Ambassador the United State, Mons. Jusserand. 

Such was the general interest the Franklin Bi-Centennial that 
the Legislature Pennsylvania appropriated $25,000 the American 
Philosophical Society for the purpose defraying expenses, and 
Congress directed the striking gold memorial medal. France 
erected bronze statue Franklin Paris the Rue Franklin, 
and the banker John Harjes forwarded Dr. Hays two cases 
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containing replicas the bronze plaques inserted the pedestal 
the statue. 

energetic part had Dr. Hays taken promoting the success 
these various exercises that resolution thanks the Society 
was adopted standing vote April 20, cup 
and scroll were presented him his friends luncheon given 
his honor the University Club. The gift was complete surprise, 
but gave pleasure the recipient show after years his 
intimates one his most valued possessions. 

While the Minutes this Society reveal that was the initia- 
Dr. Hays that the many steps were taken preserve the 
relics and works Franklin and honor his memory, yet 
did not obtrude himself upon the public notice. was well aware 
that his gifts were those organizer and not those the plat- 
form; his associates, and they were numerous and able, well knew 
that his was the driving force that kept the machinery motion. 
The future students the Franklin period, they delve sufficient 
depth, will acknowledge their indebtedness his patient and thorough 
labors for exact knowledge details which were unknown 
escaped the attention Parton, Bigelow and other popular biog- 
raphers Franklin. 

completely possessed did Dr. Hays become Franklin 
adoration that conceived the idea the erection permanent 
memorial known Franklin House, the home this 
Society, which there should room devoted the public dis- 
play the relics possessed its illustrious founder. this 
end Mr. John Frederick Lewis prepared and had printed handsomely 
illustrated Plea for the American Philosophical Society 
cessive efforts were made induce the Legislature, under several 
Governors, appropriate sum sufficient for the purpose. 1908, 
the Senate Pennsylvania unanimously passed bill appropriating 
$350,000, but failed reported back the House for action 
before the adjournment the session. Subsequent efforts, although 
strongly and eloquently urged before Legislative committees, failed 
adoption. 

1911, January 6th, Dr. Hays moved that Committee five 


a 
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members, with the President and Treasurer officio, appointed 
“to consider and report upon site for New Hall the Society.” 
Strong opposition was encountered from those reluctant leave the 
ancient hall with its precious associations. The debates were fre- 
quent and animated, but finally the view prevailed that stay 
the present inadequate and dangerous quarters, too small house 
our library, too combustible safe, too much menace 
Independence Hall, too incapable enlargement, too fatal the 
hopes growth, was stifle the soul Franklin’s projects, and 
abandon all reasonable expectations continued usefulness. ad- 
vantageous contract was made under Mayor Reyburn’s administra- 
tion with the City Philadelphia for the exchange our present 
building for splendid site the Parkway Sixteenth and Race 
Streets. The arrangements have been nearly perfected, 
dream Dr. Hays Franklin House shortly realized. 
The conservatism Dr. Hays, times irritatingly stubborn, yielded 
this particular with wise alacrity statesmanlike vision the 
future, demanding “ample room and verge carry the 
Proposal Franklin for Promoting Useful Knowledge. Sites must 
sometimes abandoned and old buildings razed, save only the hal- 
lowed shrines American Freedom, liberal.and ingenious men 
are stimulate youth laudable diligence and emulation the 
pursuit wisdom.” 

close relationship the labors which have been reviewed, 
aptly qualified his previous experience editor the writings 
medical specialists, Dr. Hays edited with scrupulous care the 
volumes Proceedings from 1898 1922 volumes, octavo, 
and Transactions the Society from the year 1898 1924, inclu- 
sive volumes, large quarto. These publications embrace within 
that period volumes average content 500 pages each. 
13,500 pages, and constitute the articulate organs expression the 
aggregate thought the Society reaching the scientific minds 
the civilized world. They fully sustain the reputation the Society 
learned body, taking rank with the foremost those most dis- 
tinguished active disseminators knowledge, whether home 
abroad. varied, minute, and extensive are they character, that 
history this Society can prepared, fact history 
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American scientific thought would complete, without careful 
analysis their contents. cannot pretended, nor even intimated 
that Dr. Hays’ knowledge, great though was, compassed this in- 
finite but the superintendance the publication the 
papers the satisfaction each contributor, accompanied, many 
papers were, diagrams, drawings, maps, statistical tables, and illus- 
trations, required patience, tact, diligence and care, not only 
extensive correspondence, but also the reading and correction 
proofs and practical knowledge typography. this indispensa- 
ble art Dr. Hays was consummate master, and generously assisted 
those uninstructed such details. The Letter-books the Secretary 
and Librarian for this period, 1898 1922, run into thousands 
pages, contained books average 500 letters each, 48,000 
all, and their dates indicate how promptly maintained was the 
correspondence the Society. 

The most signal service rendered Dr. Hays keeping the 
Society abreast the times and conspicuous the eyes the 
learned, was the institution the Annual General Meeting. The 
Minutes, under date May 7th, 1901, disclose 


Dr. Hays moved the following preambles and resolutions 

the American Philosophical Society and always has been 
Society national scope, whose place meeting was originally fixed Phila- 
delphia for reasons convenience now less potent than formerly, and 

the growth and wide extent our country and the multiplication 
local societies tend keep from our regular meetings those members who 
not reside within short distance Philadelphia, and 

desirable that measures taken bring the distant members 
into more active participation the work the Society, therefore 

Resolved, that committee five appointed the President consider 
the advisability, and deemed advisable, arrange for General Meeting 
time most convenient all the members. 

That this meeting shall cover one more days may considered ad- 
visable, and hoped that the high scientific character and broad interest 
the papers presented shall ensure the fair attendance good proportion 
distant members.—Adopted. 

1912, November Dr. Hays offered the following: 

Resolved that until otherwise ordered the President authorized and 
directed appoint annually Committee five members together with the 
Secretaries, with power add their number, arrange for General Meet- 
ing held each year the latter half the week which the third 
Tuesday April 
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The date thus fixed was arranged fit felicitously with 
the annual meeting the National Academy Sciences, meeting 
Washington, appropriating ourselves the latter part the week, 
followed the next week the Academy. Thus secured 
attendance from all parts the United States, and sometimes visit- 
ors from abroad. The significance this General Meeting best 
described the words President Scott, upon the retirement Dr. 
Hays from the Secretariat 


difficult understand what the Society can without Dr. Hays 
for has been its mainspring and driving force for years past. The Society 
was moribund, least comatose, condition when began his work; and 
Dr. Leidy about that time described example ‘how Society 
that pretended demand some measure distinction from those whom 
elected membership, was doomed sterility and inactivity that very fact.’ 
Now this has all been changed, and the Annual General Meeting this Society 
which was inaugurated Dr. Hays’ suggestion universally regarded 
great importance. The late Professor Pickering, when Vice-President 
this Society, once remarked from this Chair that this annual meeting 
come, his opinion, the most important and most interesting scientific event 
the year. All this owe Dr. Hays, and fitting that the Society 
should recognize his valuable services.” 


Sometimes, the General Meeting was associated with anni- 
versary world wide recognition. Thus, April (22, 23, 24) 1909, 
part the meeting was reserved for celebration the Centennial 
the birth Charles Robert Darwin, member this Society, and 
the semi-centennial the promulgation his theory the Origin 
Species.” the same time the greetings the Society were ex- 
tended cable Sir George Dalton Harker and Dr. Alfred Russell 
Wallace, the friends and collaborators Darwin, then still alive, 
and both them members this Society. 

Sometimes the regular monthly meetings were marked special 
programmes. Thus, Nansen was received, and delivered address 
crowded hall. can recall the sturdy features the Norse- 
man with shaggy head and beard and modestly undecorated bosom 
contrast with Admiral Melville, who fairly blazed with ribbons and 
medals and buttons. Beside them, sat Wayne MacVeagh, with 
scarlet necktie, and Samuel Dickson and George Edmunds, with 
white hair and flowing white beards, whose dignity mien suggested 
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what the Gauls must have felt when first they saw the Roman Senate 
upon the invasion the Imperial City. too, recall the notable 
meeting called listen paper John Bassett Moore, upon the 
meaning and scope the phrase Contraband War, followed 
discussion Judge George Gray and Frederick Coudert, the first, 
the most renowned American authorities International Law, and 
the remaining two most competent follow. too, recall 
enlivening evening devoted discussion Water, participated 
physicians, surgeons, alienists, and even members the Bar, from 
which the uninstructed laymen learned that per cent. the human 
brain consisted water, and that too pre-Volstead days. 

Some the minor activities Dr. Hays were follows: 
Librarian discovered some duplicates books, pamphlets, im- 
perfect imprints, unavailable copies manuscripts, and these with 
the approval the Library Committee sold, the proceeds estab- 
lishing the funds known the Benjamin Franklin Fund, the Thomas 
Jefferson Library Fund, the Joseph Parker Norris Fund and the 
Robert Proud Library Fund. have been informed that but for 
the vigilance Dr. Hays these funds would have never been 

attendance upon the meetings the many Committees which 
was member, Dr. Hays was punctuality itself, and remark- 
able note that the many years was Secretary, there were less 
than half dozen meetings the Socity which was not present. 

December, 1913, Dr. Hays called attention the error as- 
signing the marble bust Houdon, possessed the Society, 
Lavoisier instead Condorcet. 

now exhibit beautiful specimen Dr. Hays’ skill diplomatic 
correspondence. Upon the accession Woodrow Wilson the 
Presidency the United States, Dr. Hays moved the presentation 
the following address which was adopted 


His 
President the United States. 
Sir: 
The American Philosophical Society extends its cordial congratulations 
you one its fellow members upon your accession the Presidency the 
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United States. You carry into public life the ideals the scholar and you 
will show the New World, has been proved often the Old, that 
philosophical training, the best and broadest sense the term, help 
the practical statesman. Your studies history and political science will 
illuminate your task giving the Nation wise and strong government. 

was Montesquieu, the good genius the makers our national Constitu- 
tion, who said that for safe voyage the Ship State, the spirit the Laws 
should serve compass, and history should the chart. This Society con- 
fidently believes that you have your command this compass and this chart; 
that with your firm hand the helm the Ship State will safely ride the 
seas; and that, like those your distinguished predecessors the Presidency, 
who were its members, you will help make the future history the Nation 
worthy its past. 

Seven times since the founding the Republic the American Philosophical 
Society has had cause for congratulation the selection one its members 
President the United States. Washington, Adams, Jefferson, Madison, 
the second Adams, Buchanan and Grant were honored names upon its roll before 
the popular vote inscribed them the list American Presidents. you, 
the eighth turn its members enter upon this high office, this Society 
extends warmest greeting. 

Given under the seal and the name the American Philosophical Society 
held Philadelphia for Promoting Useful Knowledge, this seventh day 
March, 1913. 

KEEN, 


President. 
(SEAL) 


Attest: 
Hays, 
Secretary. 


This letter, handsomely engrossed, was presented, pursuant 
special appointment the White House, President Wilson 
special committee, consisting Dr. Keen, President The Amer- 
ican Philosophical Society, Minis Hays, Secretary, and Dr. 
David Jayne Hill, Honorable Elihu Root, Dr. Charles Walcott, 
and Dr. Otto Tittman, members the Society. 


this letter the President the United States 


March 19, 1913. 


dear Doctor Keen: 


May not express you, and through you the members the American 
Philosophical Society, deep and sincere appreciation the cordial message 
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brought from the Society you and your associates this afternoon? 
Nothing has gratified more. not know any association whose con- 
fidence would rather enjoy. has been matter peculiar pride 
associated with the American Philosophical Society, and that that dis- 
tinguished body should feel honored elevation the Presidency 
source genuine satisfaction me. can only say reply their gracious 
address that shall hope and strive all times deserve their respect and 
confidence. 
Cordially and sincerely yours, 
Wooprow 
Dr. KEEN, 
Philadelphia, Pa. 


Dr. Hays was quick extending sympathy and assistance 
sister societies distress. When the earthquake 1906 wrought 
such havoc the Pacific coast, offered the General Meeting 
the following resolution 


That the Society has heard with profound grief the appalling disaster 
that has befallen San Francisco and its neighboring towns, and desires ex- 
press its deep sympathy for their citizens and particularly for its sister Society, 
the California Academy Sciences, and slight evidence its sympathy 
the Secretaries instructed send the California Academy Sciences 
complete set its Transactions” and Proceedings” far the same 
may available, soon the California Academy Sciences prepared 
reform the library. 


1917, when the Wistar Association, better known The 
Wistar Party, celebrated the Centennial anniversary its organiza- 
tion, Dr. Hays read paper entitled Caspar Wistar Citizen and 
was remembered that was that time the 
Dean the Association and that had entered upon the twenty- 
first year his Secretaryship this Society. por- 
trait oil Dr. Hays was presented the Association this 
Society, and now hangs upon our middle wall fit companionship 
with those our zealous officers who have passed from life. 

The last paper written Dr. Hays was read him the Gen- 
eral Meeting April, 1924, the Authorship the Anonymous 
Pamphlet published London 1760, entitled Interest 
Great Britain considered with regard her Colonies and the Ac- 


’ 


quisition Canada and proved incontestably 


from comparison documents, from singularities expression, 
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from similarities arguments appearing different times, and 
from knowledge handwriting that Franklin was the author. 
Thus ended had begun votive offering his idol. 

Let now turn Dr. Hays’ personal characteristics. 

was temperament strongly conservative; some was 
regarded ultra-conservative. was fond ancient things and 
ancient ways. was devoted ritual. With intimate 
knowledge the history and traditions the Society, and deeply 
imbued with reverence for its Founder loved maintain the 
formalities and procedure suitable the dignity old-fashioned 
body. With him the admission new member was often 
more consequence than the member himself. never failed 
place before the Chair copy the By-laws opened page 17, 
and point quietly By-law 14, which read follows: 


The admission member into the Society shall manner and form 
following, having first made the payment required the laws. Im- 
mediately before the reading the Minutes shall subscribe the laws 
the Roll-book and introduced the President, who, taking him the 
hand, shall say: the authority and the name The American Philo- 
sophical Society held Philadelphia for Promoting Useful Knowledge, 
admit you member thereof. 


had control the Minute Book, could readily exact 
strict compliance with the rule. 

Whenever vote was taken ballot, always orally 
summoned the box, due order, the proper official designa- 
tion, the President, the Vice-President, the Secretaries, the Treas- 
urer, the Councillors, and then the members. knew heart 
the Rules prescribing the Order Business, and never did 
allow them overlooked inexperienced Chairman. The 
business was never allowed hurried, nor the order inadvertently 
reversed without whispered correction the Chair. 

highly did regard the distinctive honor membership, 
that one the earliest reforms which induced the Council and 
afterwards the Society accept, against much opposition, was the 
restriction fifteen the number resident members elected 
each year, the selection made the Council from long list 
nominees presented strict accordance with the rules quali- 
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fications. This restriction, however well has worked sustain- 
ing the value our blue ribbon, together with the rise other 
Societies and the formation other foci scientific activity both 
Philadelphia and elsewhere, has cramped our attendance, es- 
pecially monthly meetings, within narrow bounds. may 
difficult maintain severely restricted membership when 
our new Hall, especially should receive considerable pecuni- 
ary assistance from alien sources. our population eligibles 
increases, the discussion problems dealing with the mystery 
the universe and man’s existence becomes enlarged, and our mem- 
bership includes men prominent medicine, law, literature, art, in- 
dustry and worldly affairs well science all its aspects and 
subdivisions, will impossible not advance accordance with 
the broad lines Franklin’s sympathies with human affairs. 

Dr. Hays had comparatively little with the selection the 
persons who addressed the monthly meetings, who for years have 
been selected committee, nor did select those who read papers 
the Annual Meeting, that task being entrusted very large com- 
mittee being divided sub-committees each subject, each sub- 
committee being held the responsibility seeing that each de- 
partment science scholarship which represented should 
duly and adequately represented the programme, but “he was 
always fertile suggestions the meetings the General Com- 
mittee, especially the topics for the annual Symposium which 
would most likely appeal the lay public.” 

preparing this address, have freely used material supplied 
his colleagues, for which cheerfully make acknowledg- 
ment. Let give you composite result. One correspond- 
ents writes: 


When Dr. Hays became one the Secretaries the American Philo- 
sophical Society, found that body almost moribund condition, 
all events condition coma. very well remember that Dr. Leidy used 
use the contrast between the Academy Natural Sciences and the Philo- 
sophical Society, the former active and vigorous institution, the latter 
merely blue ribbon, argument against requiring any distinction the 
membership. Dr. Hays’ whole heart was bound the Society; and its 
welfare and reputation were, think, the principal objects for which lived; 


Information furnished the writer President Scott. 


OBITUARY NOTICE MINIS HAYS. 


and the resuscitation the Society, and its advance its present high place 
the esteem the scientific public, are almost entirely due Dr. Hays. 
course, many people helped him this work; but was the inspirer all 
his assistants, and the plans which have worked out successfully have, 
almost all instances, originated with 


Another one writes: 


Dr. Hays’ life was Ellipse with Benjamin Franklin and the American 
than any the rest There perished with him, fear, 
many data the early history the 


Another one writes: 


not able give you any data Dr. Hays’ method procedure 
arranging for the spring meetings the American Philosophical Society. 
know that was the active spirit and that called his aid the 
members the Council the 


Another one writes: 


Dr. Hays’ position the American Philosophical Society was somewhat 
unique. His devotion the Society was close and personal....I need 
hardly add that the success the meetings, both monthly and annual, are due 
largely his untiring efforts and the interest which succeeded arous- 
ing among the members. exaggeration say that for more than 
quarter century, was the active driving force the Society. 
more than any one else was instrumental transforming scientific body 
which had lapsed into condition almost complete desuetude 
into living, active organism and one which reassumed its importance among 
the scientific bodies the world. For many years was the Society 
daily for hours time. The correspondence and other matters pertaining 
the Society received his close personal care and attention; indeed, the 
Society engrossed large measure his 


Another one writes: 


Dr. Hays was completely wrapped the welfare the Philosophical 
Society for many years. took hold when was very low ebb 
its activities and brought institution useful its work and re- 
spected its character people learning. seemed the right man 
the right place, and all his life’s work not think accomplished 
results comparable with the effective work did Secretary the Philo- 
sophical Society. Doctor Hays had peculiarly subtle imagination and was 


President Edgar Fahs Smith. 
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very diplomatic his methods. had his own firm convictions regarding 
the welfare the Philosophical Society, but never tried force them 
committee other governing body when realized that the sentiment the 
majority was not with him. accomplished his work compromise rather 
than forcing his wishes unwilling bodies. was this means that 
was able much constructive work for the 


Another one 


really not familiar with his correspondence the arrangements for 
papers delivered before the Annual Meeting, except that know was 
most careful trying distribute the subjects that the field science 
might covered fully possible. always carefully investigated the 
standing non-members suggested for papers, and edited with great care 
various confidential publications issued the Society. all cases differ- 
ence opinion the Council seemed able carry his point against 
all opposition. matter fact, his opinion generally proved the 
right and proper one for the good the Society, and his tenacity was 


Another one writes: 


While Dr. Hays lived had other duties importance except 
look after the interests the Philosophical Society, both its library, its 
programs, its celebrations and the like. his capacity Senior Secretary 
combined all these duties and his secretarial associates usually fell line 
with his initial proceedings with little question their propriety. His 
knowledge the Society and its work all detail made rather impertinent 
for any question his views fact, and most had too little 
experience have very positive views 


The man thus depicted was unquestionably man much force. 
Occasionally, true, was regarded arbitrary. When dif- 
fering with him, times did, never found him disagreeably 
so. was tenacious his views and resolute their expression, 
but his invariable courtesy and affability softened asperities. gen- 
eral conversation was charming; special talks his speech was 
full instruction. For man who had travelled but little, all 
the real sense, his knowledge the world and men was sur- 
prisingly large. Books, maps, biographies, reviews, original docu- 

Penrose, Jr., President The Academy Natural Sciences. 

Wilson, Curator The American Philosophical Society, 
Director the Commercial Museum. 


Professor Arthur Goodspeed, Senior Secretary, American Philo- 
sophical Society. 
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ments, and standard encyclopedias furnished ample material. His 
mind was capacious store house, well stocked and well arranged. 
His memory was both retentive and reproductive. His talents were 
not forensic, and rarely participated debates upon the floor. 
Whatever had say, however, was clearly and concisely ex- 
pressed, and his use words was exact, and without hesitation. 

His administrative was that perpetual Secretary 
Cabinet officer. Possessed ample private means, and well disci- 
plined prior long experiences which singularly equipped him for 
his task; with definite end view and sustained high ideals, 
was able, few others would have been, devote his entire 
attention and strength the business the Society, making the 
sole object his charge. 

all useful and influential Associations, whether national 
local, the linch-pin organizations the Secretary. Presidents 
may come go; their terms may long short, their policies may 
vary, encouraging stagnation threatening stability; directors 
councillors may attentive negligent, but efficient Secretary, 
devoting himself exclusively his task, and wisely retained from 
year year, indispensable success. His knowledge details 
and their ramifications, his familiarity with traditions and customs, 
his grasp upon prior administrative life; his daily attendance, his 
absorption his work, his singleness aim, his tenacity purpose, 
his ardor interest, his pride performance, all these contribute 
his usefulness and cannot fail strengthen his hands. his 
merits great, and his ambitions unselfish, cannot fail become 
the course time the strong arm institution which 
others lean. 

Such Secretary was Doctor Hays. 

the meeting April 22, 1922, Dr. Hays declined reélection 
Secretary. For twenty-five years his name had appeared upon the 
ballot and the members had learned associate with the annually 
recurring election matter course. President Scott, from the 
Chair, declared: 


The members the Society will have noted with feelings akin dismay 
that for the first time many years the name Dr. Minis Hays absent 
from the list Secretaries, Dr. Hays having retired spite many urgent 
requests that should continue office. 
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President Scott then used the words which have already 
quoted relation the establishment the annual meeting. 
the close his remarks, Secretary Goodspeed then presented the 
following Resolutions, which were unanimously 


have known for some time the intended retirement this 
time our senior Secretary and Librarian, Dr. Minis Hays, and 

WHEREAS are all deeply impressed with the inestimable value his 
long and faithful service our honorable Society, we, the members, hereby 
wish record our deep appreciation all Dr. Hays has done forward the 
interests this Society, and our sincere regret that longer with 
his former official capacity, together with our earnest desire that may 
yet for many years remain our willing adviser the conduct the affairs 
the Society. 


final proof his loyalty must mentioned. His last will 
and testament, subject the estates his children, and their issue 
any, bequeathed his considerable residuary estate this Society, 
containing elaborate provisions the establishment New 
Hall. 

From this general review the career Doctor Hays, the 
reason now apparent why could not induced write 
history the Society. His was not nature delight narrative, 
and then boastfully exclaim Quorum pars magna fut. 

From our comprehensive glance the history the Society, 
its ancient and illustrious origin, its elevation purpose, its isola- 
tion position, occurs that the world thought re- 
sembles Alpine lake, broad, clear, deep, with unruffled and re- 
flecting surface, amid lofty peaks, close the stars. 


PROCEEDINGS 


THE 


AMERICAN SOCIETY 


HELD PHILADELPHIA 


FOR PROMOTING USEFUL KNOWLEDGE 


THE PRESENT STATUS LONG-RANGE WEATHER 
FORECASTING. 


Harvard University. 
(Written for the April meeting, 1926, the American Philosophical 


view the present widespread interest, popular well 
scientific, long-range weather forecasting, may useful re- 
view briefly some the outstanding facts this matter they now 
appear. The purpose this paper rather take account 
stock than offer any new and original contribution the discus- 
sion. Some general conclusions reached the writer are, however, 
included. There are times when, with important developments ap- 
parently close hand, well know just where now stand. 

Man’s natural craving for advance knowledge coming weather 
extends thousands years back any attempts scientific weather 
forecasting. that has not the necessary foresight him- 
self, has imagined animals endowed with some peculiar 
sense which enables them know, weeks months ahead, what 
the weather will be. Thus large group animal weather proverbs 
has come into existence. Millions people believe that the thick- 
ness fur muskrat, the number nuts stored squirrel, 
supposedly early migration certain birds, indicates severe 
winter. Yet certain that animals have such foresight. Their 
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habits, the thickness their fur, and other characteristics depend 
upon their health, the food supply, and many other conditions which 
have preceded, and not upon any instinct which enables them 
sense the character season advance. 

Another aspect supposedly long-range forecasting seen 
certain almanacs which are popularly thought give reasonably 
reliable indications the weather year advance. Such 
almanacs, however, merely contain statements the average weather 
conditions each month. If, for example, the words Severe cold, 
‘snow, and high winds appear opposite week ten days Jan- 
uary almanac, the statement sure true for certain sec- 
tions the country. random assignment “severe storm” 
some particular day winter will often those who 
not consider the matter, this looks like clever long-range forecast. 
remembering only the occasional “hits” and disregarding the 
“misses,” most people naturally do, such almanac statements ap- 
pear correct most the time. But they are sense fore- 
casts. Nor are they usually correct. Any one reasonably familiar 
with the average weather his locality can make such almanac 
years Not long widely known American weather 
died. reported that when his health was failing 
certain patent-medicine company, which had the past used his 
prophecies for advertising purposes, offered him considerable sum 
money would make forecasts fifty years advance! 

Then, again, there are persons who, using certain scientific facts 
basis but drawing unwarranted least unsafe conclusions 
from them, make seasonal weather predictions several months ahead. 
These are expressed very general terms, that the 
winter will long and severe,” the summer will abnormally 
Over extended area, like that the United States, for 
example, the winter sure long and severe somewhere, and 
equally sure not have those characteristics everywhere. Such 
practically sure verified some localities. Even 
where and when happens hit,” too vague and general 
real value. Furthermore, these forecasts are broadly gener- 
alized, and cover such large areas, that rigid and adequate veri- 
fication possible. The author the predictions makes his own 
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verifications his own way—obviously very unsafe proceeding. 
self-determined percentages verification are not likely run 
too low. 

Occasionally, for limited and variable period, very general fore- 
casts based sequences the character the seasons may pos- 
sible. Thus there may series several successive winters 
slightly warmer than normal, series summers somewhat wetter 
than normal. Yet just when definite sequence seems have 
started, the chain somehow likely break; the sequence ends; 
forecasts based upon into the discard. time, with further 
study, something more definite may develop along this line. Thus 
far, however, the general results have been negative. There 
popular impression that very cold winter likely followed 
unusually hot summer, warm winter cool summer. 
The conclusions meteorologists are contrary the popular be- 


lief. seems that, the whole, season well above normal 
temperature somewhat more likely followed closely 


season seasons warmer, not colder, than normal. Berlin, Hell- 
mann found that very cold winter usually follows very cool 
summer, and moderately mild winter follows moderately warm 
summer. The probability definite sequence such cases is, 
however, too small any practical value forecasting. 

seems the general consensus the most expert meteor- 
ological judgment present that there not, yet, sufficient unim- 
climate, over large areas, within historic times. That there are cer- 
tain fluctuations the values the climatic elements is, however, 
well-established fact. Not only individual years differ their 
temperature, rainfall, etc., but there are also variations extending 
over decade so, and even over many decades, centuries. 

the temperate zones weather normal. Months, 
and seasons, are quite commonly warmer colder, wetter drier, 
than the normal average. When these abnormalities depart- 
tures are slight, they attract attention. the other hand, the 
considerable distinctly noticeable, even without instrumental 
record. Thus, the winter 1920-21 was one rather persistent 
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and unusual mildness east the Rocky Mountains. The higher 
temperatures were the equivalent travel over considerable dis- 
tances southward. the other hand, was colder winter 
than usual. Occasional extreme cases such abnormalities are 
remembered for years, and become part our weather history. 
Thus the summer 1816 brought late snows, and frost occurred 
every summer month over much New England. The year 1816 
became known “eighteen hundred and froze-to-death,” and the 
year without summer.” prediction that the year 1926 will 
and that crops will fail many places, has recently 
been given wide publicity. There sound and safe basis for 
any such general forecast, long advance. The coming summer 
may abnormally cool. may abnormally warm. Over ex- 
tended area, such the United States for example, any summer 
more likely than not abnormally cool some sections, but 
also likely “abnormally” warm others. That 
natural way with our seasons. Whatever happens the way 
next summer’s weather will the complex resultant many vari- 
ables, whose final product man can present foresee. 

longer period weather fluctuation than that from year year 
appears associated with the sunspot cycles. Numerous 
studies have been and are being made along this line. Some 
them extend back into the seventeenth century. Evidence sun- 
spot periods temperature, rainfall, and the frequency 
tropical cyclones, has been discovered different investigators. 
There already very considerable literature this subject. The 
results these studies, may probably safely said, have not come 
expectations. some cases the relation sunspot periodicity 
seems open debate. other cases, the results are more 
less contradictory. rate, not yet clear that the variations 
the weather elements the sunspot period are sufficiently marked, 
uniform persistent, over large areas, make practical application 
the periodicity possible regular weather forecasting. 

longer period than that the sunspot cycle, and one which 
generally recognized having been clearly established, known 
the Briickner 35-year cycle, after Professor Eduard Briickner who 
first discovered it. cycle whose average length about 
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years, but which may vary between and years, there comes 
series years that somewhat cooler and more rainy, and series 
years that somewhat warmer and drier, than normal.” These 
fluctuations have been shown Briickner bear close relations 
crop yield and prices, movements population, and economic 
conditions general. 

covering still longer periods have been discussed 
numerous other authorities. Thus Marvin, the Chief the 
Weather Bureau, result study New England rainfalls 
over period nearly 200 years, concludes that while there 
evidence any permanent change climate, more less definite 
periods from 100 years more seem occur from time 
time during which the climatic conditions more less limit- 
region suffer material change the value the running aver- 
age conditions.” 

Further, Mr. Clayton has recently announced that finds 
general underlying upward trend the temperature the northern 
United States and Canada, like slowly rising while the trend 
the southern United States downward. The contrast between 
the weather the north and south, according Clayton, seems 
diminishing the climate whole ameliorating. These re- 
sults are based temperature records extending back, few 
cases, the closing years the eighteenth century. 

These few examples fluctuations, periodicities, the 
weather elements are selected more less random. The list 
very far from complete. Enough has been said, however, indicate 
the very great interest and importance this whole subject such 
variations the weather elements their relation the general 
question long-range forecasting. present, and until such peri- 
odicities variations are more fully understood, long-range fore- 

Marvin, Concerning Normals, Secular Trends, and Climatic 
Changes,” Monthly Weather Review, Vol. 51, 1923, pp. 383-390. The method 
used and the results obtained Marvin have been criticized McAdie, who 
believes neither seasonal droughts nor seasonal floods can studied 
mean annual rainfalls are used criteria,” and that “these trends can not 


used advantage” (Alexander McAdie: Wet and Dry Seasons,” Annals 
Astron. Obsy. Harv. Coll., Vol. 86, Part 1924, pp. 227-232). 
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casts sufficiently definite and reliable practical value cannot 
based upon them. 

During one week last autumn there came the writer’s desk 
three letters. was from another, from manu- 
facturer overshoes; the third, from the owner woolen mill. 
Each letter contained the same Will the coming winter 
mild Would logging operations difficult and expen- 
sive? Would there unusually large sales rubbers and 
arctics? Would people buy heavy woolen clothing? the question 
could have been definitely and positively answered, these three cor- 
respondents would doubtless have profited very handsomely thereby. 
Indeed, impossible overestimate the money value that definite 
and detailed long-range weather forecasts would have for all classes 
people, all sorts occupations. conference ocean- 
ography and marine meteorology held the Scripps Institution 
Oceanography November and 1925, four speakers emphasized 
the benefits expected from long-range forecasts seasonal 
rainfall Southern California. One speaker represented electric 


light and power company; another was irrigation engineer; the 
third was forest supervisor, and the fourth was farm adviser. 

spite this great popular demand, everywhere, for forecasts 
covering considerable period advance, significant that the 
government weather services the world, with few exceptions, 
issue their regular detailed forecasts for only day advance. 
Occasionally possible extend the forecast, more general 


terms, much three four days ahead. Once week the 
United States Weather Bureau issues statement for week ad- 
vance. ‘This not forecast. called the weather outlook,” 
and based the general distribution pressure, especially over 
the Pacific Ocean and the northwest, and upon the general movements 
areas high and low pressure. One such recently 
given the press for the North and Middle Atlantic States read 
follows: Period snows over North and rains and snows over 
South portion about middle week; temperatures near below 
normal.” The difference between the specific daily forecast and 
such broad generalized statement easily recognized. The British 
Meteorological Office also issues similar general forecasts for week 


= 
= 


LONG-RANGE WEATHER 


advance. Further, India, the Weather Service issues seasonal 
forecast, but the conditions there are peculiar; the forecast very 
general, and concerns the general character the monsoon rain- 
The forecasts the Argentine Meteorological Office, cov- 
ering several days advance, will referred later. 

Why not months, seasons, years, decades, even centuries, run 
The answer difficult because weather controls are many 
and complex. Our day-to-day weather essentially controlled 
passing conditions lower and higher pressure. These, their 
turn, determine the course the winds and regulate temperatures 
and rain snowfall. slight change the usual paths followed 
these pressure conditions may decidedly alter the character the 
season’s, the year’s, weather. These paths are largely dependent 
upon the location and intensity certain very much larger, more 
less permanent areas low and high pressure, located over the con- 
tinents and oceans. These so-called centers action” vary sea- 
sonally and longer periods, exerting marked influences, through the 
winds which circulate around them, and through the storm paths 
which they control, upon the weather and climate nearby and even 
distant lands. Within the last decade some remarkable 
correlations have been shown exist between the great so-called 
“centers the atmosphere and the seasonal weather 
adjacent, even fairly remote regions. The general character 
the winter western Canada and the northwestern United States 
seems depend largely upon the varying characteristics the low- 
pressure center action over the northern part the North 
Pacific Ocean, while the character the winter and the summer 
the eastern United States considerable extent controlled 
varying but essentially permanent bank high pressure over the 
North Atlantic Ocean, Latitudes 

What causes the variations these “centers action”? The 
temperatures the ocean surface water have something with 
their character, location and extent, but the observational data this 
matter are scarce, except over limited areas, and proofs far sub- 
mitted are not wholly convincing. The temperatures over the con- 
tinents are directly concerned determining the seasonal pressure 
conditions over the lands. Water very conservative regards its 
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temperature. parts with its heat cold reluctantly. The warmth 
the chill distant ocean waters can therefore transported over 
great distances the slow-moving ocean currents, and then, months 
later, carried onto far-away lands winds. this way seasons 
warmer colder and also wetter drier than normal may result. 
Europe, several years ago, Meinardus, Petterson, and others called 
attention the close relation existing between the temperatures, pres- 
sures, and winds over the North Atlantic Ocean and the weather 
western Europe some months later. the United States Dr. 
McEwen, the Scripps Institution, Jolla, California, the 
basis ocean surface temperatures, acting through pressures and 
pressure gradients upon the winds, has recently been forecasting 
excess deficiency the winter rains southern California. 
Back all such seasonal, and longer, variations temperature, 
pressure, winds and weather there must obviously some ultimate 
cause. Attention naturally directed the sun. The sun now 
known variable star. Its heat-output not constant. 
are long-period variations, the sunspot cycle, and doubtless also 
longer cycles. There are also shorter, irregular periods the 
order weeks days. These variations all seem relatively 
very slight when the sun’s radiation whole considered, although 
the region where the variation most marked, the blue 
end the spectrum, the percentage change considerable. More- 
over the effects are, generally speaking, the opposite what would 
naturally expected. Instead being higher times greater 
solar activity, temperatures over many parts the world are then 
slightly lower. sequence cause and effect thus highly com- 
plex. Temperature means the only element. 
cloudiness, rainfall, storminess, winds, are all involved. Yet there 
are many distinctly hopeful signs progress. More heat from the 
sun should promote evaporation, and thus tend increase cloudiness 
and rainfall. Further, more cloud would cut off sunshine and 
that way lower temperatures. Because the complexity the 
weather impossible reach definite and generally acceptable 
conclusions the detailed effects variations solar radiation 
climates whole. Moreover, the effects, whatever they are, 
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would naturally differ different localities, with varying land and 
water, topographic, and other controls. 

Competent investigators are patiently trying discover the laws 
that govern our complex atmospheric conditions the endeavor 
hasten the day definite long-range forecasting, thoroughly 
scientific basis, may realized. Among these investigations the 
work the variations the intensity the sun’s heat carried 
during the past two decades Dr. Abbot and his associates 
the Astrophysical Observatory the Smithsonian Institution has at- 
tracted much attention. These observations were begun Mt. 
Wilson, California, 1905, Chile 1918, and Arizona 1920. 
Recently the National Geographic Society has provided funds for 
the installation and support third station, located 
favorable place the Eastern Hemisphere, and with 
the stations already operation Chile and Arizona. stated 
the last Report the Astrophysical Observatory the Smith- 
sonian Institution (for the year ending June 30, 1925), the chief 
object the work present secure the most exact measure- 
ments the variation the sun order provide proper data for 
studying the influence the solar changes weather conditions 
the United States and the whole world.” 

The connection Mr. Clayton with this work began about 
ten years ago, when was Chief Forecaster the Argentine Meteor- 
ological Office Buenos Aires. His studies had satisfied him that 
there was relation between the variations solar radiation re- 
ported the Smithsonian Institution and weather changes. 
arrangement was made with the Smithsonian Institution for sending 
daily telegraphic despatches from the Chilean station Buenos Aires, 
and the data thus obtained were used Clayton preparing of- 
ficial forecasts issued the Argentine Meteorological Office. These 
forecasts were begun December, 1918, and have been continued 
ever since. Once week official bulletin issued the Argen- 
tine service which gives forecast the temperatures expected 
every morning and evening for week advance. addition, 
the dates and the intensities expected rainfalls are also given. 
Since Clayton’s retirement from active service, 1922, these fore- 
casts have been continued Hoxmark. While seems agreed 
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that the Argentine weekly forecasts are far from perfect, they appear 
have received widespread public approval. 

After his return the United States, 1922, Mr. Clayton con- 
tinued his researches, and 1923 published volume, entitled 
Weather,” which embodied the results his investigations 
extending over some thirty years. The results his work have led 
him the conclusion that certain recognizable changes pressure, 
temperature and rainfall depend upon variations the intensity 
solar radiation, and that not only longer oscillations climatic con- 
ditions but also day-to-day weather respond the sun’s activities. 
the basis these conclusions that believes possible 
forecast weather days, weeks and even months advance. There 
are, however, weighty opinions the other side. For example Sir 
Gilbert Walker, for many years Director General the Indian Ob- 
servatories, has expressed the view that, for explaining the weather 
abnormalities the seasons, the variations solar radiation are 
inadequate, and that must seek the reasons the previous dis- 
tribution seasonal features over the earth. World-wide reactions 
the weather are evidently closely connected with the slowly-mov- 
ing ocean currents which solar variations wind-made tempera- 
ture abnormalities persist for months. The fact that seasonal 
weather abnormalities different parts the world show stronger 
relations among themselves than with solar changes must not relegate 
minor position the study solar variations connection with 
terrestrial weather changes. The solar changes may from time 
time strengthen and thereby maintain reactions between terrestrial 
centers which might otherwise become weaker. Meteor- 
ological Memoirs, Vol. 24, 1923, Part 4.) 

During the past two years, aided grant from Mr. John 
Roebling, Mr. Clayton has been studying the weather North 
America relation apparent variations solar radiation, and 
order further test his work has made experimental temperature 
forecasts for New York City. Daily telegraphic despatches were 
sent him giving the solar values observed the Smithsonian field 
stations Chile and California the day preceding. Using 
these data, together with visual observations the sun’s disc, then 
made his forecasts the expected daily maximum temperatures 
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New York for three, four and five days advance. The average 
weekly and average monthly temperature departures were also fore- 
casted two days before the beginning each week month. All 
these forecasts were once sent the Smithsonian Institution, 
where they were compared with the actual conditions mathematical 
methods which eliminated personal bias.” regard the results, 
stated the last Annual Report the Smithsonian Institution 
(1925) that moderate degree fore-knowledge certainly in- 
indicated, both for the specific forecasts three, four, and five days 
advance, and for the more general average forecasts weeks 
months.” The Report adds further, “Our entire purpose 
matter is, and has always been, make such experiments might 
indicate what value, any, would attach the introduction 
new variable, namely, the variation the sun, weather forecast- 
ing. Our forecasts are made privately and only tests the ex- 
perimental conclusions.” Because the lack further financial 
support these experimental forecasts stopped the end 1925. 
Certain general impressions regarding this whole subject may 
stated conclusion the opinions professionally interested 
outsider who has endeavored remain absolutely unprejudiced and 
impartial. (1) There can possible question regarding the 
very great importance man reliable long-range weather fore- 
casts. These have far more than passing 
They would the highest value industry, transportation, 
health, and numberless other lines human activity safety. 
perfectly clear that what man most wants specific, definite, 
detailed forecast. would like know, not merely the average 
the highest and lowest temperatures, the probable rainfall, im- 
portant these are, but also the type weather whole which 
will accompany these conditions. is, for example, not quite 
enough know, advance, the maximum the minimum temp- 
eratures. more vital question how long such temperatures will 
last; whether they will accompanied wind; whether the sun 
will shine not. Similarly, excess deficiency rainfall may 
indicated for certain week. This highly valuable information, 
but still more useful would foreknowledge the character and 
the duration the rain snow. Will come one storm, 
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more than one? Will rain snow continuously, for hours 
days, will the precipitation intermittent? Such detailed fore- 
casts are obviously not yet possible, but they are the kind that the 
public wants, and will, sometime the future, probably able 
secure. 

(2) The question that has risen regarding the reliability the 
Smithsonian observations need not here entered into. was in- 
evitable that scientific men search the truth should ask how 
much the slight variability from day day the result actual 
variations the solar constant, and how much may due in- 
strumental errors, errors the methods reduction and correc- 
tion, and changes the transparency the earth’s atmosphere. 
Searching analysis; more observations, ever-increasing accuracy 
and refinement honest, fair and good-tempered discussion—these will 
time settle all such questions. Science has nothing lose, and 
everything gain, honest and intelligent criticism, carried out 
with the single purpose seeking the truth. interested and un- 
prejudiced non-scientific outsider might perhaps disposed 
wonder whether, the available results the apparent variability 
solar radiation can used practical long-range forecasting, 
makes any difference the average person whether these data rep- 
resent real facts solar variability, are affected atmospheric 


conditions, instrumental errors, the personal equation. 

(3) Regarding the value the forecasts made several days 
advance the Argentine Meteorological Office sufficient answer 
found the fact that these forecasts have been published for 
seven years, and that they seem have met with general popular ap- 


proval and support. 

(4) Regarding Mr. Clayton’s recent long-range temperature fore- 
casts for New York City there available detailed information. 
These forecasts have been purely experimental, and were not pub- 
lished. is, therefore, impossible form any definite opinion 
regard them, how specific and detailed they were; how practically 
useful thev would from economic standpoint; how they were 


verified. All that known concerning them that moderate 


degree fore-knowledge certainly indicated.” 
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(5) There immediate likelihood that the official weather 
services the world will use observations solar radiation for ex- 
tending the regular periods now covered their forecasts. Such 
observations are not yet generally Furthermore, meteor- 
ologists body are not ready make use them. British 
view this matter, recently given the editor The Meteor- 
ological (Vol. 60, Nov., 1925, 239), that relation 
some sort (between variations the solar constant and the 
weather) almost certainly exists and will discovered future 
research, but will probably long before this new method will 
able add anything the high technique daily forecasting 
synoptic charts.” 

definite and detailed effects upon the weather resulting from 
given fluctuations the solar constant could known advance, 
and any actual variations solar radiation could also known 
advance, then seems reasonable think that definite forecasts, 
real economic value, extending over considerable periods time, 
would possible. But observed that there are two very 
important “ifs” this problem. 

(6) Another line attack the problem long-range 
casts being carried group meteorologists who are study- 
ing the disturbances variations that occur the general circula- 
tion the earth’s atmosphere without any necessary reference 
extra-terrestrial controls. This great circulation long ago reached 
something appoaching equilibrium, but its pressures, winds, tempera- 
tures, clouds and rainfall are subject fluctuations and irregularities, 
seasonal, annual, and over longer periods. other words, the atmos- 
pheric machine does not always run true.” the variations from 
“normal” condition could foreseen, and the many complex in- 
terrelations and effects these variations were known, then long- 
range forecasts along these lines would possible. Here again, 
however, there vast amount hard scientific spade-work 
done before the relations involved this problem are understood. 

The regular observations the solar constant radiation made the 
Smithsonian Institution the Montezuma (Chile) station have, however, re- 
cently been made available for any responsible persons institutions, and these 


values are now printed the daily weather map published the United 
States Weather Bureau Washington. 
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The results thus far reached are still, whole, means 
satisfactory could desired, and are not yet generally applicable 
definite seasonal forecasts. There is, however, promise for the 
future. 


UNIVERSITY, 
March 27, 1926. 


FURTHER STUDIES THE PREPARATION ME- 
TALLIC GERMANIUM AND THE VOLATILITY 
THE METAL HYDROGEN 
AND VACUO. 


JOHN HUGHES MULLER, EDWIN FREDERIC PIKE, 
KENNETH GRAHAM, 


Philadel phia. 


(Contributed from the John Harrison Laboratory Chemistry the Uni- 
versity Pennsylvania. 


Shortly after the discovery germanium, Winkler stated that 
the dioxide this element was reduced hydrogen red heat 
but expressed the belief that reduction metal was 
comparatively recent date attempted use the ratio 
the dioxide metal prepared, redetermination the atomic 
weight germanium. was stated that time that the reduction 
metal hydrogen failed give satisfactory results—first because 
the protracted heating hydrogen was attended small but dis- 
tinctly measurable loss the metal the hydrogen stream which 
loss was thought the time due the formation hydride. 
The complete quantitative results were not published because totally 
different method was employed making redetermination the 
atomic weight question. Secondly was observed that traces 
chlorine were difficult remove from germanic oxide prepared 
hydrolysis the tetrachloride and also that the oxide made oxida- 
tion the sulphide contained sulphur which was likewise difficult 
eliminate. should noted however, that these impurities, pre- 
sent only traces, would have had very little any influence upon 
the preparation very pure metal subsequent reduction this 
metal hydrogen though their presence would make inadvisable 
weigh the oxide for atomic weight 


Journ, prakt. Chem., 34, 202 (1886). 
Amer. Chem. Soc., 43, 1087 (1921). 
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Later Dennis and his co-workers found that the reduction 
small amounts germanic oxide (of the magnitude 0.35 g.) was 
complete about two hours when heated hydrogen 500° 
540° and that germanium any compound the element 
volatilized under these 

the same communication was shown that metallic germanium 
which was free from oxide does not lose weight when heated 
hydrogen temperature not exceeding 800° C., but that volatiliza- 
tion metal does take place when hydrogen passed over the 
molten metal. 

The following investigation concerns further study the 
volatility germanium. 


APPARATUS AND MATERIAL. 


The germanium dioxide was obtained originally from germanifer- 
ous zinc oxide procured through the courtesy the New Jersey Com- 
pany. The methods used for the preparation the pure oxide 
need not considereded detail but may stated that the follow- 
ing were mainly depended upon for the elimination the 
impurities present the crude oxide: Repeated distillation the 
tetrachloride current chlorine and repeated recrystallization 
potassium fluogermanate for the removal the last traces 
The fluogermanate was then converted the tetrachloride 
followed the redistillation the latter which was then hydrolyzed 
oxide. The crusts oxide which separated upon hydrolysis 
the chloride were filtered out and the acid filtrate and washings dis- 
carded. The only impurity left the oxide this stage the 
purification was small amount chlorine which could not re- 
moved simply washing with limited amount water. was 
found possible remove this protracted ignition the finely 
divided product superheated steam which was carried out silica 
apparatus. The waste steam was condensed and the resulting water 
tested for chlorine the usual way until negative tests were obtained 
both the water and the ignited oxide. The oxide 

Journ. Amer. Chem. Soc., 45, 20033 (1923). 


Journ. Amer. Chem. Soc., 43, 2131 (1921). 
Amer. Chem. Soc., 43, 2549 (1921) 43, 1085 (1921). 
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ignited air effect complete dehydration and pre- 
served silica vessels for use. 

hydrogen was prepared electrolytically using 
per cent. sodium hydroxide solution and nickel electrodes. the 
whole the washing and drying system connections were fused 
glass followed accurately ground joints the silica apparatus 
containing boats weighing tubes. The hydrogen was washed and 
dried train containing the following materials the order given, 
silver sulphate solution, alkaline permanganate, solid 
caustic soda, concentrated sulphuric acid, heated palladium asbestos, 
soda lime, concentrated sulphuric acid, Askarite, and finally phos- 
phorus pentoxide. 

For the reduction the oxide the apparatus used was entirely 
silica and all heating effected electric resistance furnace. 
minimize errors due sudden temperature changes the furnace was 
covered with thick layer insulating material, using tight fitting 
silica furnace core into which the clear quartz tube and contained 
bottling tube tightly fitted. samples oxide were placed 
silica bottling apparatus similar the type used Richards 
several his atomic weight determinations and hence could not 
have been contaminated from the outside. 

Temperatures were measured platinum rhodium thermo 
couple the junction which was placed immediately beside the 
weighing tube containing the oxide metal. The instrument was 
calibrated just before use and during number experiments was 
checked the use pure silver, the melting point which 
fortunately close the observed melting point metallic germanium. 
The error temperature readings could not have been greater that 

The hydrogen issuing from the end the silica tube was con- 
ducted through trap containing saturated silver sulphate solution 
during the process reducing the oxide metal and while heat- 
ing the latter the same gas and the anterior end the quartz 
tube tube was inserted allow the atmosphere hydrogen 
replaced dry air. 

The balance was Troemner No. 10, Sensibility 1/50 mg. 
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Weights gold plated with platinum fractions, calibrated 
Richard’s substitution method. 


The samples oxide were contained silica weighing 
tube with accurately ground stoppers both ends, the quantity 
introduced being roughly determined preliminary weighing be- 
fore transferring the weighing tube. The stoppered tube was then 
introduced into the silica bottling apparatus before described and the 
stoppers removed. slow current dry air, washed free from 
dust, carbon dioxide and other impurities, was then passed through 
the system and the temperature raised Heating 
under these conditions was continued until the residual oxide had 
come constant weight, 0.00002 g.). Pure dry hydrogen was 
then allowed pass over the weighed dioxide (1.69443 g.) expel 
the air from the system and the temperature slowly raised 500° 
this point the surface the oxide became gray and when the temp- 
erature became 600° the material the weighing tube had become 
much darker. the reduction slowly proceeded this temperature 
small dark deposit appeared the upper cooler part the 
weighing tube but trace such sublimate was observable toward 
the end the weighing tube nor the silica tube surrounding. The 
heating hydrogen 600° 625° was continued for thirty-two 
hours, after which further loss weight occurred. The tempera- 
ture was then raised steps indicated the table below. ap- 
pears that each additional heating period was attended slight 
loss weight. The loss weight was small but measurable 
shown the table and time the total number hours could 
constant weight obtained. The experiment was not discontinued 
until the weight the residual metal was less than that required for 
the amount oxide used, calculating the assumption that the 
atomic weight germanium 72.5. should noted that the 
oxide used was very finely divided (by hydrolysis 
chloride), and that the metal produced therefore presented the 
hydrogen surface many times greater than that obtainable pul- 
verizing button the metal. The constricted ends the weighing 
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tube with their narrow opening and carefully regulated, slowly enter- 
ing hydogen stream could not have permitted mechanical loss. 

Toward the end the experiment small mirror was found 
the cold part the silica tube beyound the furnace core. This was 
dissolved little freshly distilled ammonium hydroxide containing 
few drops pure hydrogen peroxide. Both these reagents 
were carefully tested and showed weighable residue upon evapor- 
From the ammoniacal peroxide solution evaporation and 
ignition residue 0.00026 germanium dioxide was recovered. 
The mirror was silvery lustre reflected light and red trans- 
mitted light and differed strikingly appearance from germanous 
oxide which can course obtained sublimate upon heating 
the partially reduced oxide rapidly hydrogen stream. Films 
germanous oxide purposely prepared for comparison with the metal- 
lic deposit were also made and later described. 

The waste hydrogen before mentioned was washed through 
trap containing silver sulphate solution. The contents the trap 
upon subsequent analysis was found contain 0.00017 germ- 
anium calculated metal. 


TABLE 

Weight germanium dioxide taken ................ 1.69443 

Weight metal present 72.5 .............. 1.17572 
Hours Heating Temperature, Weight Contents 
Hydrogen. Ce. Weighing Tube. 


From the results shown the above table, seems reasonable 
believe that metallic germanium, fine state division, constantly 
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loses weight when heated hydrogen temperatures considerable 
below its melting point. The loss weight admittedly small and 
might easily escape notice unless the periods heating were extended 
over four five hours. the first five heating periods which 
the temperature never passed the 600° mark, the residue the weigh- 
ing tube most likely still contained little oxygen the calculated 
amount metal was not obtained thirty-two hours this temp- 
erature. seems probable that complete reduction the oxide 
temperatures lower than 600° difficult, all possible. 


CONTAINED GERMANIUM MELTED AND COOLED 
ATMOSPHERE THAT GAS. 


1.7085 germanium dioxide were reduced hydrogen, con- 
tinuing the heating that gas 650° 700° until the weight 
the residual metal was slightly less than that calculated from the above 
quantity oxide. The metal was then heated 1000° the 
same gas for several hours. The molten globule was allowed 
slowly cool hydrogen and the metal obtained was preserved 
weighing bottle desiccator for twenty days. The globule was 
then placed silica tube from which the air was exhausted 
Toepler pump. The metal was then slowly heated and all gas 
evolved was pumped off and collected eudiometer over mercury. 
small amount gas was first observed 690° and larger 
amount was collected the melting point the metal. The gas col- 
lected was mixed with oxygen and sparked reduced pressure. The 
presence hydrogen was evidenced the slight explosion the 
mixed gases and the amount calculated diminution volume. 
From the results obtained was found that gram the metal melt- 
and cooled hydrogen contained 0.186 c.c. hydrogen under 
normal conditions temperature and pressure. 

this experiment and number qualitative experiments 
with the metal prepared the same way, metallic mirrors were found 
the cooler portion the quartz tube which projected from the 
furnace. Slight volatilization the metal and consequent mirror 
formation began each case temperatures between 750° and 800° 
vacuo while heavy shining mirrors were much more rapidly 
formed the metal neared the melting point. 


4 
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the foregoing experiments was observed that metallic germ- 
anium did not appear have the same melting point atmos- 
phere hydrogen vacuo and therefore these melting points 
were investigated more carefully. The metal which had been pre- 
pared reduction hydrogen shown Table was melted 
hydrogen and while molten condition silica tube was allowed 
cool very slowly that gas ordinary pressure. One half 
this metal was set aside metal number The other half was 
placed silica tube and the latter then exhausted means 
Toepler pump. The metal was then melted and all gas evolved was 
immediately pumped off. After cooling vacuo this was set aside 
metal number 

The globule metal number was broken into number 
angular fragments which were placed silica tube which was filled 
with hydrogen atmospheric pressure. Metal number similarly 
broken, was put into silica tube the same size and sealed off 
vacuo. The pieces metal were kept one end the tube 
each case that small pieces could tapped down into the 
heated portion the container when needed. this way num- 
ber experiments could made without reopening either tube. 
The ends the silica tubes containing the pieces metal 
melted and thermo couple junction, protected silica tube the 
same thickness wall, were fastened together with platinum wire 
and inserted into furnace. The temperature was slowly 
raised the melting point and the moment which the sharp 
edged pieces metal began flow was observed through small 
mica window the wall the furnace and the same instant the 
temperature reading was taken second operator. The metal 
atmosphere hydrogen began flow into globular form 959° 
C., while that sealed off vacuo melted 975° the temp- 
erature the furnace was rising quite slowly throughout the experi- 
ment considerable time interval existed between the melting the 
first and second sample; hence the difference the two melting 
points could not have been due accidental variation radiation 


from the separate containers. The above experiment was repeated 
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several times, but measurable differences the above recorded 
melting points could detected. check, small pieces very 
pure metallic silver were placed silica tube alongside the tubes 
containing the samples germanium and the whole experiment 
repeated. The germanium hydrogen again melted 959° C., 
the silver then melted 961° (the true melting point that 
metal) while the sample germanium vacuo did not melt until the 
temperature rose 975° 


MELTING GERMANIUM CARBON DIOXIDE. 


Some the metal which had been used the above experiment 
was placed graphite crucible and was covered with layer 
sugar charcoal and then melted for one hour The 
surface the globule was cleaned scraping and broken 
fore into sharp-edged fragments. These were placed silica tube 
which was evacuated and filled with dry carbon dioxide and the tube 
sealed off. The particles metal melted 958° this experi- 
ment small amount oxide was produced was evidenced 
slight film grayish deposit which collected the wall the silica 
container. The melting point was slightly lower than that recorded 
for the metal hydrogen, but the limit error temperature 
reading was greater than the noted difference melting points 
could not concluded that true difference between these two melt- 
ing points existed. The formation oxide leads one suspect, 
however, that the melting point was still further lowered. 


FORMATION METALLIC HEATING THE METAL 


all the experiments with metallic germanium detailed 


this paper mirrors the metal were obtained volatilization 


more less the metal and which were similar appearance 
those obtained and Smith through the decomposition 
the order determine whether the formation such 
mirrors was due simple volatilization the metal elevated 
temperature the presence hydrogen, the following experiments 
were made. 


Journ. Amer. Chem. Soc., 44, 1909 (1922). 
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portion germanium dioxide was mixed with four times its 
weight sugar carbon and placed narrow bore silica tube closed 
one end. plug sugar carbon was inserted well cover the 
mixture. The air the tube was then exhausted. The 
tube was connected with the air pump and the mixture slowly heated 
reaction temperature and finally The gas evolved was 
pumped off continually and the residue cooled vacuo. The small 
globules metals were removed and separated from the excess 
carbon and were put back the original tube which 
thoroughly cleaned. The tube was then evacuated the Toepler 
pump and sealed off vacuo. The tube was placed the resistance 
furnace and the temperature the metal raised 760° 
this temperature distinct mirror shining metal formed just be- 
yond the heated portion the tube the furnace. Five successive 
mirrors were formed progressively pulling the heated tube short 
distances out the furnace core. The mirrors formed during thirty 
minutes heating were dissolved ammoniacal peroxide and the 
dioxide produced was determined quantitatively. The unvolatil- 
ized metal was also determined oxidizing with fuming nitric acid 
and ignition oxide. 0.00653 metal had been deposited 
mirror and 0.00914 metal had remained the heated end 
the tube. 

interest note that the metal volatile vacuo 760° 
and that the rate volatilization this temperature was about 2.5 
mg. per hour. 

quantity metallic germanium was prepared the reduction 
the oxide hydrogen and the metal then treated the same 
manner that recommended Dennis, Tressler and Hance,’ re- 
peatedly refusing the metal under flux carefully purified sodium 
chloride. The button metal prepared was boiled with water, 
all visible traces the flux removed and was then kept molten 
state hydrogen for several hours and cooled the same gas. The 
ingot metal obtained was broken half and the two pieces 
treated follows: One portion was re-fused hydrogen and while 
molten the tube was evacuated, after cooling high vacuo the silica 
tube container was sealed off. The other portion metal was placed 


Amer. Chem. Soc., 45, (1923). 
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similar tube which was filled with hydrogen normal pressure. 
The two tubes each containing about 0.35 metal, were then 
heated the resistance furnace, side side, temperature 
800° Successive metallic mirrors were formed each these 
tubes and were deposited the cooler part the tubes just beyond 
the furnace wall. would expected the evacuated tube gave 
mirror more rapidly but volatilization metal was plainly shown 
both cases. 

was realized that protracted heating and reheating germanium 
hydrogen above the melting point for the purpose removing the 
last trace oxygen would require indefinitely long time the 
quantity metal were large and should noted that quantity 
the metal small 0.1 would require very long period heat- 
ing, even the melting point for complete volatilization. For this 
reason seemed advisable work with still smaller amounts metal 
that all given sample might shown capable sub- 
limation and thus remove any doubt arising from the assumption that 
the previously prepared metal contained traces the lower oxide 
which might have been mistaken for volatilizing metal. Accord- 
ingly, silica tubes were prepared containing shining opaque mirrors 
metal heating mixture hydrogen and germanium hydride 
(or hydrides). The hydride-hydrogen mixture was prepared the 
following Hydrogen was evolved from aluminium-potas- 
sium hydroxide generator and the entire apparatus used was swept 
out with this gas. Potassium fluo-germanate (solution air-free 
water) was then allowed flow into the generator. The evolved 
gas mixture was stored over water from which the air had been ex- 
pelled boiling under reduced pressure. The water the gaso- 
meter was protected from air contact alkaline pyrogallol traps. 
Hydrogen was run through the silica deposition tubes and the hydride 
hydrogen mixture then admitted. the point heated Meeker 
burner heavy metallic mirrors were deposited the 
Some these tubes were sealed off vacuo and others sealed while 
filled with hydrogen and all were subjected the heat treatment 
previously described. every case was found that these mirrors 
could completely volatilized from one end the tube the 
other 800° and reversing the position these tubes the 
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furnace the operation could repeated often desired. 
trace nonvolatile residue was visible any experiment. 

From the above results seems evident that metallic germanium 
slowly but completely volatile temperatures considerably below 
its melting point, and that such volatility cannot due im- 
purity the shape unreduced lower oxide, though the latter 
distinctly volatile and likely present the metal ordinarily 
prepared. 

GERMANOUS 


che earlier work Winkler was observed that germanous 
oxide could prepared heating mixtures the metal and the 
dioxide. Later, Biltz® states that germanium dioxide appears not 
reduced germanium under these conditions, but seems 
serve only absorbent for air because its spongy nature, 
virtue which the germanium powders oxidation promoted. 
heated mixture the metal and oxide nitrogen and 
found that some germanous oxide was produced. 

Some pure germanium prepared described earlier this paper 
and which had been reduced temperatures below the melting point 
the metal was intimately mixed agate mortar with the equiva- 
lent quantity the pure, equally finely divided dioxide. The mix- 
ture containing 0.34156 germanium and 0.49226 the dioxide 
was spread over the bottom silica boat which was then placed 
silica tube. The container was then evacuated far possible 
with Toepler pump and sealed off. The mixture was slowly heated 
resistance furnace. Vigorous action began about 800° 
with formation dense black sublimate directly above the boat. 
After half hour the apparatus was allowed cool and the boat 
removed and weighed. The loss weight was 0.22528 which was 
about twenty-seven per cent. the original mixture. Reheating 
the unvolatilized material the boat resulted the formation 
very little more the lower oxide and after long heating the residue 
seemed simply unchanged dioxide. 

Journ. Prakt. Chem., 143 (34), 210 (1886). 


Zeitschr. Anorg. Chem., 72, 317 (1911). 
Amer. Chem. Soc., 45, 2041 (1923). 
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The black sublimate was digested with 1-1 hydrochloric acid 
absence air which slowly dissolved. One portion the solu- 
tion gave the yellow hydrated monoxide when treated with excess 
ammonium hydroxide and the other portion after nearly neutraliz- 
ing gave the expected orange germanous sulphide with hydrogen 
sulphide. 

The above experiment gave deposits the monoxide which were 
compared with the metallic mirrors previously described. The mon- 
oxide very dark and while metallic luster does not resemble 
the metallic films obtained from the hydride volatilizing the 
metal. 


METALLOGRAPHIC EXAMINATION GERMANIUM PREPARED 
DIFFERENT 


possible means comparing the relative degrees purity 
metallic germanium prepared various methods, samples metal 
were submitted Mr. Graham whose permitted 
the preparation the metallographic data presented this section. 

Great care was taken preparing the samples metal for 
microscopic study. After placing the samples flat glass plate 
inside half-inch length three-eighth-inch copper tube and filling 
with sealing wax, they were taken down files and graded emery 
and hubert papers paraffin oil hand. The oil was necessary 
prevent the particles emery from becoming embedded and 
the same time allowed polishing without undue flowing heating. 
Final polishing was carried out wet wheels the usual manner. 

Two etching reagents were found Ammonium 
hydroxide-hydrogen peroxide mixture attacked the surface the 
metal very slowly but uniformly, leaving the impurities for the most 
part unattacked and nitrate also revealed impurities 
some the samples and was superior its ability show the 
grain boundaries, twinning, etc., particularly the case the purer 
metal. 

Metallic germanium prepared the method described Dennis 
was first examined. This metal showed large grain structure, see 
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Figs. and The grain boundaries however contained impurities 
and number blow holes were visible. Segregated areas this 
impurity higher magnification are shown Figs. and The 


Showing large structure. Impurity boundaries and blowholes. 


material was not readily attacked the ammonia hydrogen peroxide 
mixture and appeared have light pinkish tint. The piece 


Impurity within grain boundaries. Impurity lining blowhole. 


metal was removed from the tube and wax setting without any 
way injuring the polished surface and was heated stream 
hydrogen for thirty minutes 800° and was cooled the same 
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gas. Reéxamination under the microscope showed that enclosed 
material the grain boundaries was either partly volatile decidedly 
attacked hydrogen this temperature its polished surface had 


Same and after treatment hydrogen 800° 


nearly disappeared. Figs. and which correspond and 
respectively, show the result this treatment. 


After treatment hydrogen 1070° for four hours. 


was thought that this material were readily attacked 
hydrogen that further subjection the metal the action this 
gas would result the production still purer metal, especially 
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the temperature were raised considerably above the melting point and 
the liquid metal were agitated bring the enclosed material the 
surface. Accordingly the metal was replaced the hydrogen stream 
1070° and kept for four hours. The hydrogen was pumped 
out while the metal was slowly cooled and the metal was reground and 
polished before. The metal was now nearly free from blow holes 
but the amount impurity the grain boundaries instead becom- 
ing smaller appeared have increased. 


Show twinning the result cold work. 


Fig. shows large inclusion the before-mentioned impurity 
standing out relief and practically unattacked the ammonia 
hydrogen peroxide reagent. The surface the metal was stained 
was quite common with this reagent. 

Fig. shows the effect etching with silver nitrate solution. 
The sample was the same Fig. but was photographed 
lower magnification and shows much larger surface. The quantity 
impurity quite evident. 

Figs. and show very interesting case twinning the 
result cold work. was recognized that the metal was brittle and 
could shattered easily with blow. result cold work 
preparing the surface, therefore, number twins were revealed. 
The lines have definite width and higher magnification appears 
that the lines themselves are the twins and not the metal between 
them. 
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Several other cases twinning were found this sample. 

One would conclude from the last experiment that either the 
reheating the metal contact with silica, the reduction the 
initial quantity metal long heating (volatilization above the 
melting point), were responsible for the increase the amount 
enclosed material, consequently the following experiment was carried 
out. 

sample the metal prepared careful slow reduction the 
pure oxide hydrogen, was melted the same gas 1000° and 
after grinding and polishing before, the surface was examined. 


11. 50X. 
Deeply etched. Shows small inclusions graphite only. 


This metal contained much less impurity revealed under the micro- 
scope. The same sample was now reheated graphite boat 1200° 
atmosphere hydrogen for three hours and for one-half hour 
high vacuum. Reéxamination under the microscope showed 
considerably higher degree purity, for the surface had become 
dense structure and practically free from blow holes and enclosed 
impurities. few flakes graphite were visible but carbide 
similar constituents were observed. further indication the high 
state purity was observed upon attempting etch the surface 
the polished metal. The etching was obtained only with difficulty 
and long contact with the same reagents which attacked the other 
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samples metal much more readily. Fig. shows the picture 
this metal which probably represents high degree purity 
possible obtain the methods used. 

The constituent which was present all the other samples must 
reducible under the combined action hydrogen and graphite 
high temperatures. probable that hydrogen alone cannot remove 
the impurity, but that the combined action carbon and hydrogen 
does so. possible that the impurity was silicide removable 
under these conditions. 


SUMMARY AND CONCLUSIONS. 


Metallic germanium measurably volatile hydrogen tempera- 
tures considerably below the melting point the metal, provided the 
time heating extended over periods number hours. 

Germanium absorbs detectable amounts hydrogen when the 
metal melted and cooled atmosphere that gas. The 
quantity hydrogen absorbed per gram metal has been deter- 
mined. 

Mirrors metallic germanium, prepared decomposition 
hydrogen-germanium hydride mixture have been shown com- 
pletely volatile both hydrogen normal pressure and vacuo 
within the same temperature range. The metal globular form 
made the reduction the dioxide hydrogen and carbon 
also volatile under the same circumstances. Measurable volatility 
can shown below 800° 

Germanium dioxide reduced germanous oxide heating 
intimate mixture the metal and dioxide equivalent quantities 
vacuo, but the reaction appears incomplete. Reaction begins 
vigorously about 800° with volatilization germanous oxide. 

Metallic germanium appears have decidedly different melting 
points hydrogen and vacuo, the presence the hydrogen lowers 
the melting point appreciably. 

The relative degrees purity metallic germanium prepared 
different ways have been studied metallographically and this method 
examination seems indicate that the combined action carbon 
and hydrogen more effective completing the reduction metal 
than hydrogen alone. 


MULLER, PIKE, GRAHAM—METALLIC GERMANIUM. 


final heating nearly pure germanium (by hydrogen), 
graphite boat hydrogen, followed cooling the metal vacuo re- 
sults the production pure germanium. 

Microsopic examination polished and etched surfaces the 
metal shows interesting case twinning crystals germanium 
produced cold working the metal. 


THE QUANTITATIVE DETERMINATION SELENIUM 
AND TELLURIUM. 


VICTOR LENHER. 


(Read title April 23d, 1926.) 


The separation the two element, selenium and tellurium, not 
perfect commonly supposed. Their chemical behavior 
similar, their precipitation out solution general effected 
the same order reducing agents and their higher oxidized com- 
pounds, the selenates and tellurates, liberate chlorine with hydro- 
chloric acid similar a-manner that only fine distinction 
choice reagents and manipulation that possible perfectly 
separate the two elements. 

the case with chemical elements similar character, they 
are associated with each other nature. Tellurium associated 
with selenium the selenides and selenium always associated with 
tellurium and with the tellurides. 

our present commercial elements which are separated with the 
view producing pure materials, there are more than traces 
selenium tellurium, and more than traces tellurium selenium. 

Today the sole supply these elements the United States 
by-product the electrolytic refining copper. 

The qualitative detection these elements relatively simple. 
Fuming sulphuric acid hot concentrated sulphuric acid give char- 
acteristic colors. Selenium gives green color while tellurium gives 
red one. These colors are attributed the formation SeSO, 
TeSO,. The colors are discharged boiling. The green sele- 
nium color completely fades and selenium dioxide produced. The 
red tellurium solution, continued heating gradually loses its color 
and finally becomes colorless, and basic sulphate tellurium 
formed. The green-colored sulphuric acid solution selenium when 
diluted with water gives precipitate bright red amorphous sele- 
nium which becomes black heating. The red-colored sulphuric 
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acid solution tellurium when diluted with water gives precipitate 
black, finely divided elementary tellurium. 

This sulphuric acid reaction for these elements practically use- 
less for mixtures the elements except cases where the tellurium 
content high that the lesser amount the green selenium does 
not interfere. 

The usual tests for selenium are naturally those made the wet 
way. Selenium forms number types compounds, the oxidized 
and the non-oxidized. The oxidized types follow the oxides and acids 
selenium, thus selenious oxide, dissolves form seleni- 
ous acid, which turn forms the selenites, and selenic 
acid, H,SeO,, which forms the selenates. The solubility water 
the selenites follows closely that the sulphites. They are not, 
however, any sense reducing agents. 

Selenic acid which many respects closely resembles sulphuric 
acid, forms salts which their solubilities closely resembles the sul- 
phates. There is, however, one important divergence from the 
chemistry sulphuric acid. Selenic acid and all the selenates 
when warmed with hydrochloric acid act oxidizing agent and 
liberate chlorine, being turn reduced selenious acid the 
selenites. The selenites solution are with difficulty oxidized 
the selenates, but far analytical results are concerned, the oxida- 
tion methods are not available. The oxidation dry form means 
alkaline oxidizing fusion completely converts the selenite 
selenate. 

The most used wet method for testing selenium consists pre- 
cipitating the elementary form one the stronger reducing 
agents. Sulphur dioxide certainly the most common reducing 
agent used and has been used since the earliest days. The solution 
containing selenious acid should acid with hydrochloric acid and 
the sulphur dioxide can used the gas solution water. 
The selenium will precipitate the red amorphous variety which 
warming goes over into the gray crystalline form. 

Hydrogen sulphide gives with selenious acid solutions lemon yel- 
low colored precipitate the sulphide selenium which soluble 
ammonium sulphide. The precipitate not stable, but rapidly dis- 
sociates into sulphur and red selenium. 
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Ferrous sulphate, hydroxylamine hydrochloride, hydrazine hydro- 
chloride, phosphorous acid, hypophosphorous acid, titanium trichlo- 
ride and stannous chloride precipitate red selenium the cold from 
selenious acid solutions; warming this red variety goes over into 
the gray crystalline form. 

Potassium iodide with either selenite selenate solution, when 
acidified with hydrochloric acid gives the cold, red selenium which, 
when warmed, causes the iodine distil and the red selenium 
over into the gray form. 

Barium chloride, when added neutral selenite solution, gives 
insoluble white barium selenite, which soluble hydrochloric acid. 
Barium selenate formed the addition selenate barium 
chloride solution, insoluble water, but when boiled with hydro- 
chloric acid, it, like all selenates, first reduced with evolution 
chlorine and formation selenite which dissolves the hydro- 
chloric acid. 

Selenium well selenium containing compounds before the 
blowpipe the reducing flame give characteristic fumes that are 
commonly described having putrid horseradish odor. char- 
acteristic blue color given the oxidizing flame. The white di- 
oxide selenium volatilizes directly before the blowpipe without 
melting. 

the non-oxidized compounds selenium, the most important 
are hydrogen selenide and the selenides the metals. The gas hy- 
drogen selenide formed exactly hydrogen sulphide the 
treatment certain selenides with dilute acids. Among the most 
convenient reactions are those with hydrochloric acid and sodium 
selenide, iron selenide and magnesium selenide. The evolved gas 
extremely irritating but not particularly toxic. With the heavy 
metals gives insoluble selenides. The gas easily oxidized the 
oxygen the air and readily deposits red selenium. The soluble 
selenides are likewise unstable, being readily oxidized the air with 
the production red selenium. 

The more common tests for tellurium are like those with selenium, 
made the wet way, and this element also forms oxidized and non- 
oxidized compounds. 

The oxidized compounds tellurium follow the acids, tellurous 
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and telluric, which give corresponding salts, the tellurites and the 
tellurates. The salts the alkaline metals with tellurous acids are 
soluble, all the heavier metals form insoluble salts. should 
noted that the soluble alkaline tellurites are decomposed carbon 
dioxide forming insoluble tetra-tellurite salts. Tellurium dioxide 
unlike selenium dioxide, insoluble water and while can 
formed the oxidation elementary tellurium, also produced 
the hydrolysis such compounds the tetrachloride basic 
nitrate when appears white insoluble product. Indeed, the 
solution any tellurium compound hydrochloric acid precipi- 
tated water and this test alone can easily mistaken for 
antimony. 

Telluric acid readily soluble water and gives 
with the alkaline metals the readily soluble tellurates. With the 
heavier metals, the salts are insoluble. Here again, noted 
that the alkaline tellurates formed oxidizing the tellurites roast- 
ing the air are insoluble and are possible salts second modifica- 
tion telluric acid. 

Telluric acid, any the tellurates, when warmed with hydro- 
chloric acid, evolve chlorine, being turn reduced tellurous acid 
the tellurites. The tellurites solution are oxidized only with 
great difficulty the tellurates, hence this procedure not available 
for purposes analysis. The dry oxidation means alkaline 
oxidizing fusion completely converts the tellurite tellurate. 

The most used wet method testing for tellurium, the use 
one the stronger reducing agents when the element precipi- 
tated elementary form. Sulphur dioxide naturally one the 
most convenient use. The solution should not contain more than 
per cent. free hydrochloric acid, and preferably less. The sul- 
phur dioxide can either introduced the gas aqueous solu- 
tion. Elementary tellurium also thrown out solution and ap- 
pears finely divided black precipitate. 

Hydrogen sulphide gives precipitate which first red brown, 
but quickly darkens due the dissociation the sulphide tellu- 
rium, which first precipitated, into sulphur and elementary tellu- 
rium. The precipitate soluble the alkaline sulphides. 

Stannous chloride, hypophosphorous acid, hydrazine hydrochlo- 
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ride, metallic zinc, aluminum, magnesium, precipitate black, finely 
divided elementary tellurium. 

Titanium trichloride precipitates elementary tellurium both from 
the tellurites and from the tellurates. 

Barium chloride precipitates barium tellurite from tellurous solu- 
tions, the precipitate soluble hydrochloric acid. With tellurates, 
white precipitate barium tellurate formed which treatment 
with hydrochloric acid evolves chlorine and forms the tellurite 
barium, which soluble hydrochloric acid. 


QUALITATIVE ANALYSIS COMPLEX MIXTURES SELENIUM 
AND TELLURIUM. 


portion the substance tested treated with either aqua 
regia mixture potassium chlorate and hydrochloric acid and 
the free chlorine expelled temperature below boiling order 
prevent loss volatization the chlorides selenium tellurium. 
The solution diluted and the insoluble matter removed filtra- 
tion. Hydrated tellurium dioxide may precipitated, but re- 
dissolved further addition hydrochloric acid. The solution 
treated with sulphur dioxide either addition the gas 
aqueous solution soluble sulphite. precipitate indicates the 
presence selenium, tellurium, gold. 

The precipitate can allowed settle, and the supernatant 
liquid decanted. The precipitate warmed nitric acid, sp. gr. 1.2 
when the selenium and tellurium present will dissolve, leaving the 
gold insoluble. The nitric acid solution containing the selenium and 
tellurium evaporated low temperature with excess concen- 
trated hydrochloric acid expel all the nitric acid and then 
treated strong hydrochloric acid solution with sulphur dioxide. 
red precipitate, which warming turns black, indicates selenium. 
The selenium precipitate filtered means asbestos filter 
and the solution diluted and treated with more sulphur dioxide; 
black elementary tellurium precipitates present. 

The sulphur dioxide precipitate containing possibly selenium, 
tellurium gold, may give the characteristic colors with sulphuric 
acid. The well washed and dried precipitate treated with fuming 
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sulphuric acid the cold hot concentrates sulphuric acid when the 
green selenium the red tellurium shows color reaction. 


SECOND PROCEDURE. 


Crude selenium tellurium containing material fused with 
five six times its weight potassium cyanide. Tellurium forms 
potassium telluride, while selenium and sulphur form selenocyanate, 
and sulphocyanate. The fusion extracted with water from which 
the air has been removed boiling, which will remove the tellurium 
purple potassium telluride, the selenocyanate and sulphocyanate 
potassium dissolving colorless solutions. Any heavy metals re- 
main insoluble and can filtered off. Air bubbled through the 
solution when the purple color the telluride discharged and ele- 
mentary tellurium thrown out solution black precipitate. 
This can verified tellurium filtering and making the sulphuric 
acid test. 

The solution selenocyanate and sulphocyanate which the 
filtrate from the air oxidation the tellurium can treated under 
good hood with hydrochloric acid when hydrocyanic acid set free 
and red selenium precipitated. can converted the gray 
variety heating the solution and can further verified the 
sulphuric test. 


QUANTITATIVE METHODs. 


Selenium and tellurium can separated from the other metals 
and from the non-metals the use sulphur dioxide hydrochloric 
acid solution. strong hydrochloric acid, sp. gr. 1.143, selenium 
precipitated and when the acid more dilute, tellurium. Gold 
simultaneously precipitated. The well washed precipitate can 
separated from gold treatment with nitric acid sp. gr. 1.2 
which dissolves the selenium and tellurium but does not dissolve 
gold. The solution can carefully evaporated with hydrochloric 
acid destroy the nitric and convert chlorides. The chloride 
solution when contains considerable free hydrochloric acid can 
used for the separation selenium and tellurium from each other. 
Since both selenium and tellurium are precipitated sulphur dioxide, 
they are likely together and any precipitation selenium en- 
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tails separation from tellurium. These elements can perfectly 
separated sulphur dioxide proper conditions are fulfilled. The 
sulphur dioxide method selenium and tellurium was first suggested 
Divers and and was later modified Keller and has 
been studied considerable detail the author. known that 
the concentration the acid very important and that the ratio 
tellurium the concentration the solution equally important 
factor. hydrochloric acid having concentration 28.25 per 
cent. sp. gr. 1.143, tellurium not precipitated sulphur dioxide. 
This the minimum concentration hydrochloric acid which can 
used, but higher concentrations can used the amount 
selenium small and the solution kept cool. When working 
these strong solutions, essential when any reducing agent added 
that the solution should never warm, since volatile selenium mono- 
chloride will produced and will distil, giving low selenium results. 
With hydrochloric acid having lower concentration than per 
cent., tellurium slowly precipitates. volume 150 cc. used 
the analysis and not more than 0.25 gm. tellurium should pres- 
ent. likewise important that not more than 0.25 gram 
selenium present. 

When concentrated hydrochloric acid added strong and 
warm selenious acid solution and sulphur dioxide gas passed into 
the solution, elementary selenium does not precipitate but the solution 
turns red due the production selenium monochloride. This se- 
lenium monochloride volatile that most the selenium may 
lost distillation, when the solution warmed, and subsequently 
lost. When the concentration the hydrochloric acid greater 
than per cent. yellow red coloration produced, whose in- 
tensity depends the amount selenium which present. Dilu- 
tion with excess stronger hydrochloric acid which has been 
saturated with sulphur dioxide the cold, effected, with the result 
that the monochloride selenium hydrolyzed and complete pre- 
cipitation elementary selenium effected. 

large excess sulphur dioxide necessary for complete pre- 
cipitation elementary selenium from this strongly acid solution. 


News, 49, (1884) ibid., 51, 199 (1885). 
Jour. Amer. Chem. Soc., 19, 771 ibid., 22, 241 (1901). 
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The temperature precipitation also great importance. 
When selenium precipitated sulphur dioxide the cold, al- 
ways appears the amorphous red variety. This, when warmed, 
goes over into the gray crystalline variety and during this transfor- 
mation there will always occluded whatever present the solu- 
tion—metallic salts, tellurium, hydrochloric, sulphurous, sulphuric 
acids the reaction, and even water. The solids and gases cannot 
removed continued washing and the water cannot removed 
without giving abnormally high results. therefore obvious that 
red selenium precipitated sulphur dioxide cannot transformed 
into the gray-black variety without obtaining high results. 

The procedure recommended follows: The oxides sele- 
nium and tellurium, which should not contain more than 0.25 gm. 
either element, are dissolved 100 cc. cold concentrated hydro- 
chloric acid. cc. this acid which saturated with sulphur di- 
oxide gas are added with constant stirring. When concentrated 
hydrochloric acid used with large excess sulphur dioxide, sele- 
nium monochloride not formed the cold. The solution then 
allowed stand the cold until the red selenium settles. 
filtered through asbestos filter and the precipitate washed with 
cold hydrochloric acid, then with cold water until all the chloride 
removed and finally alcohol displace the water and ether dis- 
place the alcohol. necessary that the water removed once 
from the red selenium, since cannot removed later. The red 
selenium dried hours remove the ether, after 
which heated for one two hours render the 
selenium perfectly dry. When any moisture allowed remain 
the red selenium when converted the black variety, high 
results due oxidation will always result. Tellurium can pre- 
cipitated the filtrate hydrazine hydrochloride and sulphur di- 

One the older methods which have been recommended 
prepare the sulphur dioxide for the selenium precipitation, directly 
the solution the addition sodium sulphite sodium acid 
sulphite. This, account the sulphur which may present 
elementary form, would better replaced sulphur dioxide gas. 


Lenher and Homberger, Jour. Amer. Chem. Soc., 30, 387 (1908). 
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The use certain reagents which will give most excellent quali- 
tative tests for selenium such ferrous sulphate, titanium trichloride, 
phosphorous acid, hypophosphorous acid, stannous chloride, while 
they give red precipitated selenium, which warming goes over 
the gray variety, has not been successfully worked out quantita- 
tive procedure. all cases the chief difficulty has been the occlusion 
the precipitating reagent the side products the reaction. 

The precipitation selenium such means iron, aluminum, 
magnesium, zinc, etc., obviously unfitted for accurate work. 

Hydroxylamine hydrochloride, which was studied Jannasch 
the has proven most efficient reagent for precipitating 
selenium and for separating from other elements. can used 
either acid alkaline solution. makes possible number 
methods separation selenium and tellurium. 

Potassium iodide most excellent reagent for the precipitation. 
gives red selenium when added selenious solution containing 
free hydrochloric acid, free iodine being liberated the same time. 
possible remove this iodine boiling when the selenium 
simultaneously converted the gray variety. Gooch and Pierce 
prefer the titration the liberated iodine sodium arsenite solu- 
tion. 

With selenates, the potassium iodide procedure for selenium 
most excellent, red selenium precipitated from the hydrochloric 
acid solution the selenate with the liberation correspondingly 
larger amounts free iodine. This free iodine can distilled 
from the solution without any difficulty and the red selenium the 
same time converted into the gray variety. 

Selenic acid and the selenates can analyzed with 
hydrochloric acid when chlorine evolved. This chlorine can 
estimated iodometrically. Gooch and boil the selenate 
selenic acid with potassium iodide and hydrochloric acid and -col- 
lect and titrate the distilled iodine. 

Norris and use the so-called thiosulphate method, which 

Amer. Journ. Sc. (4), (1896). 

Fres. Zeit., 12, 287 (1873). 


Amer. Journ. Sc. (3), 50, 258 (1893). 
Amer. Chem. Journ., 23, 119 (1900). 
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consists treating hydrochloric acid solution selenious acid with 
measured excess standard sodium thiosulphate and then titrate 
the excess thiosulphate with iodine solution. 

Selenious compounds can oxidized potassium permanga- 
nate selenates. This has been used Gooch and 
volumetric procedure. measured excess standard permanga- 
nate added the acidified solution the selenious acid followed 
excess standard oxalic acid. The excess oxalic acid 
then titrated with permanganate after heating. All this done 
avoid the fading end point which permanganate gives with the 
selenite. 

Selenium can separated with ease from the metals whose 
chlorides are nonvolatile. the selenium exists selenide, heating 
current chlorine gas will cause the selenium completely 
volatilized selenium tetrachloride. This can collected water 
and reduced means sulphur dioxide hydroxylamine hydro- 
chloride and weighed elementary selenium. the case 
selenite, hydrochloric acid gas should used when the product 
SeO,2HCL, which volatile and from which elementary selenium 
can precipitated and weighed. The selenates with hydrochloric 
acid gas give SeO, 2HCL and chlorine. 


QUANTITATIVE METHODS FOR TELLURIUM. 


Tellurium can determined gravimetrically and separated 
the same time from most the elements except gold and selenium 
number reducing agents. 

Sulphur dioxide the oldest the precipitating agents and was 
used originally Berzelius. The reagent used either dilute 
hydrochloric acid solution added the form sodium sulphite 
sodium acid sulphite. The same objections are made the use 
the sulphites with tellurium the precipitation elementary sele- 
nium, that is, they may contain free sulphur, which grave criticism 
their use. The great objections the use sulphur dioxide 
dilute hydrochloric acid solution that frequently the complete pre- 
cipitation greatly delayed. Twenty-four hours the minimum 


Amer. Journ. Sc. (3), 50, 
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time that such solution must stand and recommended that the 
solution should kept warm. not uncommon for the tellurium 
incompletely precipitated that length time. second 
very serious objection the use sulphur dioxide that the finely 
divided precipitated tellurium will superficially oxidize readily even 
washed with alcohol and ether and dried 105°. This has been 
noted Norris and Fay,™ Fre- 
and Lenher and 

The use hydrazine hydrochloride has been recommended 
The reagent gives fairly good results, but the case with sulphur 
dioxide, the precipitation somewhat delayed. 

The use hydrazine hydrochloride and sulphur dioxide has been 
suggested Lenher and Homberger precipitant for tellurium 
inasmuch the reduction almost instantaneous and the danger 
oxidation during the drying minimized. The use the two rea- 
gents applicable both tellurites and tellurates. 

The tellurium containing solution should have acidity 
per cent. free hydrochloric acid and the solution should concen- 
trated possible, otherwise the tellurium will precipitated 
finely divided condition and will difficult wash. The solution 
heated boiling, cc. saturated solution sulphur dioxide 
are added, followed cc. per cent. solution hydrazine 
hydrochloride and again cc. saturated sulphur dioxide solution. 
The boiling continued until the precipitate settles such way 
that can readily filtered and washed. This precipitation should 
not take more than five minutes. The precipitated tellurium col- 
lected Gooch filter and washed with hot water until all the 
chlorides are removed, after which the water displaced alcohol 
and the crucible and contents dried 105°. This method has been 

Chem. News, 87, (1903). 

Journ. Chem. Soc., 55, 392 

Amer. Chem. Journ., 20, 278 

Amer. Chem. Journ., 23, 408 (1900). 

Journ. Pr. Ch., 66, 261. 

Journ. Amer. Chem. Soc., 30, 387 (1908). 


Ber., 34, 2724 (1901). 
Journ. Amer. Chem. Soc., 30, 387 (1908). 
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used the author’s laboratory for many years and with many thou- 
sands tellurium determinations and has proven itself the best all 
around method for tellurium available. 

Elementary tellurium can precipitated sugar from alkaline 
precipitation complete but the tellurium diffi- 
cult wash. 

Hydrosulphurous acid has been studied reducing agent 
Maclvor and The precipitated element always contains 
sulfur. 

The precipitation tellurium means hypophosphorous 
acid, titanous chloride, the metals unsatisfactory account 
the various impurities which are coprecipitated. has 
suggested that the stannous chloride reaction made the basis 
volumetric procedure. adds excess known solution 
stannous chloride, which precipitates the elementary tellurium and 
titrates the excess stannous chlorine with standard iodine solu- 
tion. Brauner has described method titration means 
potassium dichromate, the details which have been later modified 
Lenher and Wakefield and which have been verified Schrenk 
and Browning.** The details the method are quite important. 
sample the material containing from 0.1 0.3 gm. tellurium 
dioxide dissolved cc. concentrated hydrochloric acid and 
diluted 200 cc. with water. measured excess dichro- 
mate added from burette and the solution allowed stand for 
half hour. measured excess standard ferrous sulphate solu- 
tion then added and the surplus ferrous salts titrated with 
N/to dichromate using potassium ferricyanide outside indi- 

Brauner has used the potassium permaganate titration tel- 

11, 437 (1872). 

Zeit., 13, 142 (1874). 

Chem. News, 87, 163 (1903). 

Zeit. Anor. Chem., 214 (1890). 

Zeit., 30, 707 

Chem. Soc., 59, 238 

Amer. Chem. Soc., 45, 1423 (1922). 


Amer. Chem. Soc., 48, 139 (1925). 
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lurite and tellurate. has worked with excess permaganate 
followed excess oxalic acid and back titrates with standard 
permanganate. and his collaborators have followed the 
same lines. Norris and add excess sodium hydroxide 
and follow with permanganate. The solution then chilled and 
treated with potassium iodide and sulphuric acid, after which 
titrated with sodium thiosulphate. This procedure modified 
Gooch and Peters titrating the iodine sodium arsenite solu- 
tion. Gooch and suggest the precipitation Tel, 
solution containing per cent. free sulphuric acid. The end point 
the titration the complete precipitation the iodide potas- 
sium iodide solution. 

Gooch and Howland have used the principle boiling telluric 
acid with potassium bromide and diluted sulphuric acid, bromine 
evolved and absorbed potassium solution. The liberated 
iodine titrated with sodium thiosulphate solution. 

Tellurium non-oxidized tellurium containing compounds, when 
heated chlorine gas, yield their tellurium content volatile tel- 
lurium tetrachloride, which separation from the elements which 
form nonvolatile chlorides. 

Telluric acid the tellurates when boiled with hydrochloric acid 
are reduced with formation tellurous acid the tellurites, with 
evolution chlorine. This chlorine can conducted into potassium 
iodide and the liberated iodine can titrated with sodium thiosul- 
phate sodium arsenite. The tellurites tellurates when heated 
current hydrochloric acid gas give the volatile compound 
TeO,2HCL with the tellurites and addition free chlorine with the 
tellurates. The tellurium this volatile compound can deter- 
mined gravimetrically after absorbing water. 

All the above described methods will effect the precipitation 
tellurium and afford its separation from all the elements except 
selenium and gold. 
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Since gold precipitated the many reducing reagents which 
precipitate tellurium, its separation from gold all cases must 
made. This done very simply and since selenium many cases 
co-precipitated with the tellurium, must also separated. 

Gold removed from precipitate containing either selenium 
tellurium both, treatment with nitric acid 1.2 sp. gr., the 
selenium and tellurium will dissolve but the gold will not. The nitric 
acid solution can evaporated with excess hydrochloric acid 
low temperature avoid loss selenium and the chlorides are ob- 
tained. 

When selenium and tellurium are both present solution, the 
following methods are suggested 

Selenium and tellurium when together can separated the 
principle the volatility selenium chloride from sulfuric acid 
solution when treated with hydrochloric acid gas. The method was 
apparently first worked out Knorr and has been somewhat modi- 
fied This has been later improved Lenher and 
The method consists heating mixture the selenium 
and tellurium containing material 150 cc. Pyrex flask presence 
passing hydrochloric acid gas through this acid solution. The sele- 
nium distills chloride while the tellurium remains behind. The 
selenium the distillate collected cold water and precipitated 
sulphur dioxide while the tellurium remaining the distilling flask 
precipitated hydrazine and sulphur dioxide after the acid diluted 
concentration not over per cent. 

The method accurate for either high low amounts sele- 
nium tellurium. 

The separation tellurium from selenium and sulphur means 
potassium cyanide old method. The reactions involved were 
known Berzelius. means separation, the method was 

The method gives excellent results means separation and 

Standard Methods Chemical Analysis,” Vol. I., 423 (1925). 
Ind. and Eng. Chem., 16, 837 (1924). 
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preparation tellurium, but questionable value accurate 
method separation the three. The cyanide separation can 
conducted either fusing any sulphur, selenium, tellurium mix- 
ture with potassium cyanide treatment the precipitated ele- 
ments with solution potassium cyanide. 

mixture the elements their compounds conveniently 
fused with excess potassium cyanide when the sulphur converted 
sulphocyanate, the selenium selenocyanate, and the tellurium 
potassium telluride. The sulphocyanate and selenocyanate are readily 
soluble water colorless solutions while the telluride soluble 
purple permanganate color. This purple-colored solution de- 
composed bubbling current air through when elementary 
tellurium precipitated. This tellurium can collected 
Gooch crucible and washed thoroughly with hot water and weighed. 
The results are slightly low due loss volatization the fusion 
recover this oxidized tellurium but the procedure involves consider- 
able manipulation. avoid the formation tellurite, has been 
suggested, conduct the cyanide fusion atmosphere hy- 
drogen. 

The solution containing selenocyanate and sulphocyanate after 
treatment with air, yields red elementary selenium when treated with 
hydrochloric acid, evolving the same time large quantities poi- 
sonous hydrocyanic acid; the operation must therefore conducted 
good hood. The selenium can collected, washed well, dried, 
and weighed. The sulphocyanate does not interfere any way. 
The small amount tellurite formed the fusion found the 
final solution from which recovered means sulphur dioxide 
and hydrazine hydrochloride. 

Selenium and tellurium can also separated boiling the pre- 
cipitated elements with solution potassium cyanide which will 
dissolve the selenium. The mechanical details the treatment sub- 
sequently are exactly the same when cyanide fusion made. 

The method precipitation elementary tellurium sugar 
alkaline solution suggested Stolba gives all the tellurium, but 
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long boiling standing small amount selenium separates out, 
hence the method has not worked successfully quantitative 
separation. 

Both ferrous sulphate and phosphorous acid which precipitate ele- 
mentary selenium but not tellurium have not proven satisfactory 
quantitative procedures. 

The formation insoluble tellurium dioxide boiling the 
acetic acid solution has proven great value the separation 
tellurium from the readily soluble selenious acid. The procedure 
recommended Browning and Flint treat dilute hydro- 
chloric acid solution the oxides with dilute ammonia slight 
excess, followed the slightest excess acetic acid. Crystalline 
tellurium dioxide precipitated boiling while the selenium re- 
mains the filtrate. The dioxide tellurium can dried 105°. 

The differential volatility the bromides has been made the basis 
separation Gooch and They dissolve the oxides 
potassium hydroxide, add excess phosphoric acid, add potas- 
sium bromide, and distil carbon dioxide. The bromide sele- 
nium distils and liberates iodine which titrated sodium thiosul- 
phate. The bromide tellurium does not volatilize, hence remains 
the distilling apparatus. 

The separation selenium and tellurium can conducted with 
excellent results means hydroxylamine hydrochloride the 
presence hydrochloric acid and certain organic acids. Hydro- 
xylamine hydrochloride under certain definite conditions will pre- 
cipitate selenium but not tellurium. 

The proper concentration hydrochloric acid, when used, 
essential, per cent. concentration density 1.085 recom- 
mended. the acid more concentrated, selenium may dis- 
the acid more dilute, the selenium precipitation will 
much delayed. Further, quite dilute hydrochloric acid used, 
hydrolysis tellurium tetrachloride takes place, with the precipita- 
tion tellurium dioxide. 

The procedure use half gram less the mixed oxides, 
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dissolved 35-45 cc. concentrated hydrochloric acid the cold 
and diluted 100 cc. with water. this added 
per cent. solution hydroxylamine hydrochloride and the solution 
heated for four hours. Black selenium precipitated and with the 
conditions given the selenium will not precipitated the red 
form and free from occluded substances will invariably occur 
the precipitation red selenium sulphur dioxide the cold and 
then transforming heat into the gray black variety. 

The black selenium can brought Gooch filter, washed 
with water, then alcohol displace the water and dried 110°. 

saturated solution sulphur dioxide added followed cc. 
per cent. solution hydrazine hydrochloride, then cc. more 
the sulphur dioxide solution; complete precipitation the tellurium 
effected five minutes, when the tellurium transferred 
Gooch filter, washed with water, followed alcohol and dried 

the presence tartaric acid, hydroxylamine hydrochloride 
precipitates selenium completely but not tellurium. The manipula- 
tion follows: The mixture the two oxides dissolved the 
least possible excess sodium hydroxide, per cent. tartaric 
acid added until the precipitated tellurium dioxide just redissolves, 
then cc. more are added. The solution diluted 100 cc. 
hydrochloride are added. The mixture kept for four 
hours. Selenium precipitated and can washed with water fol- 
lowed alcohol dried 110° and weighed. 

The filtrate from the selenium concentrated cc. and the 
tellurium best precipitated hydrazine hydrochloride and sulphur 
dioxide using the Lenher-Homberger method. 

the presence citric acid, the oxides selenium and tel- 
lurium are dissolved sodium hydroxide, solution per cent. 
citric acid added, the solution diluted 100 cc. and cc. 
per cent. solution hydroxylamine hydrochloride are added. 
The selenium then precipitated heating 90° for four hours, 
when the selenium brought Gooch crucible washed with 
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water, and alcohol, after which dried 110° and weighed. 
The tellurium filtrate concentrated cc. and precipitated 
the Lenher-Hamberger method. 

the separation selenium and tellurium hydroxylamine 
hydrochloride presence hydrochloric acid, tartaric citric acid, 
essential that the hydrochloride hydrazine used and not 
sulphate, since the sulphate invariably gives low results. 


UNIVERSITY WISCONSIN, 
WIsc. 


THE GROWTH FUNCTIONAL NEURONES AND ITS 
RELATION THE DEVELOPMENT BEHAVIOR. 


COGHILL. 
(Read April 23d, 1926.) 


The purpose this paper indicate briefly the trend our 
investigations upon the growth the nervous system related 
the development behavior Amblystoma, and indicate the bear- 
ing certain our definite results upon the problem develop- 
ment behavior and learning. Some the more general results 
and conclusions may presented under five topics. 


BEHAVIOR PATTERN AND ITS ANATOMICAL 
EXPLANATION. 


The form the behavior pattern develops according regular 
sequence newly-acquired movements until locomotion attained. 

The earliest responses consist movement the head one 
side. the embryo grows older this movement involves more and 
more the trunk until finally the entire trunk bends into tight 
coil. During this time the movements normally begin the head 
region and progress tailward. The embryo this coil stage can 
bend the body only one direction, either the right the left, 
any particular moment. But soon happens that flexure which 
begins the head region and progresses tailward reversed the 
head region before has passed entirely through the trunk. 
series quick flexures alternating directions, each passing rapidly 
tailward, drives the animal forward, and locomotion perfected. 
During the larger part this period nearly all movements are away 
from the stimulated side—that say, they are the nature 
avoiding reactions. 

The order sequence the appearance new movements 
correlated with the development specific structures the nervous 
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motor system. The appearance movement first the anterior 
part the trunk explained the higher development the 
motor nerves that region, and the motor nerves increase their 
spread the muscles farther tailward the movements involve more 
the trunk. The movements individually progress from the head 
tailward because stimuli from all parts the animal enter the motor 
tract through commissural cells and these cells exist only the 
anterior part the spinal cord and the lower part the brain. 
The avoiding nature the early response explained the fact 
that afferent neurones the first and second order pass across the 
motor tract the same side and have synapse with the commissural 
cells which convey the excitation the motor tract the opposite 
side. The appearance rapidly reversed flexures produce loco- 
motion explained the growth collaterals from the motor tract 
cells into synapse with commissural cells such way that stimu- 
lus which passes the muscles one side reaches little later the 
muscles the opposite side. 

The mechanism the avoiding reaction, being prerequisite 
the first responses tactile stimulation, can not activated de- 
termined its origin the responses their behavior value. For 
the same reason the collaterals from the motor tract which introduce 
the serial reversed flexures and locomotion also cannot activated 
directed their growth such general agencies exercise 
experience. There evidence that experience exercise even 
hastens the appearance the various types reaction, while there 
very positive evidence that these factors can have causal relation 
the form the behavior pattern during this period. The spec- 
ificity these nervous structures terms behavior determined 
laws growth which behavior-values the patterns re- 
sponse have part. 


FUNCTIONAL NEURONES AND THE INTEGRITY 
THE ORGANISM. 


the development the structural counterpart the behavior 
pattern, neurones that are active elements the earlier mechanisms 
control extend their function growth their axones into new 
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parts, and doing insure the integration the organism 
whole during development. 

This illustrated the case the development the limbs, 
the tongue and the eye muscles, the non-functional rudiments 
which are invaded nerve fibers that grow from cells that are 
the same time participating the integration the trunk. The 
relative independence these organ systems can not, therefore, 
primary. must secondarily attained process individua- 
tion within totally integrated system, and the development the 
behavior pattern must effected, not integration independ- 
ent reflexes, usually considered, but process individua- 
tion within total organismic system which from the beginning 
reaction integrated whole. The basic principle, therefore, 
the development the nervous system vertebrates, appears 
the maintenance the integrity the individual while independ- 
encies are growing within it, and are, speak, struggling for 
ascendency among themselves and for dominance over the individual. 

This fact, particularly should found apply mammals, 
must have important bearing psychology and education. 
harmony with the conception mental outlined 
According this psychological interpretation the first 
elementary consciousness are not pure sensa- 
tions independent, isolated units reaction; they are qualities 
upon ground.” This, translated into anatomical and physiological 
terms, means that, actually occurs Amblystoma, behavior de- 
velops individuation elements within primary unity, and not 
integration primarily independent elements into total pattern. 


MECHANIZATION ASSOCIATION SYSTEMS. 


The early growth association neurones into the motor mecha- 
nism introduces unpredictable elements behavior but the growth 
the association neurones into the motor mechanism advances there 
progressive mechanization the association system into the motor 
type organization and action. 

the embryo approaches the swimming stage, passes 
slightly, the movements are more irregular direction with refer- 
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ence the side stimulated. However, this time the major part 
the trunk cut away from the first three four segments, the 
avoiding reaction the head piece returns its typical regularity. 
This evidence that there antagonism between exteroceptive and 
proprioceptive stimuli, and correlated with the growth col- 
laterals from the axones sensory cells the second order into the 
motor tract the same side. The original, main divisions these 
axones have synapse with commissural cells, reason which the 
earlier movements are mostly away from the side touched. The 
sensory association cells concerned this response belong the 
series from which Deiters’ nucleus develops, the mechanized func- 
tion which the equilibration the body well known. 

This seems clear case progressive mechanization 
association system, the early growth which introduces unpredict- 
able elements behavior whereas maturation the structure re- 
sults stereotyped performance. This essentially neuro-em- 
bryological statement conditioning reflexes, and habit formation. 


GROWTH AND LEARNING. 


There considerable support for the hypothesis that neurones 
the adult cerebral cortex grow while they function, those 
the lower part the brain and spinal cord the earlier period. 
this hypothesis proves correct would appear that stimuli that 
are simultaneous, nearly so, must necessarily become associated 
the cerebral cortex through synapses that are newly formed, while 
they must also become associated with past experience because those 
newly-formed synapses which they traverse are outgrowths the 
already functional system, which also has grown according the 
same principle. this correlation growth and function the 
neurone, structural relations the nervous system may regarded 
acquiring specificity with reference receptor-effector functions, 
and this manner structural counterparts experience may 
established, that say, structural systems may formed, the 
action which any time would have the same significance the 
organism did the experience which originally excited their action. 
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That nerve cells grow after they have acquired their definitive 
function and that such growth factor the development be- 
havior was proposed early 1893 and 1895 
Both these investigators, however, regarded such 
growth activated nervous function exercise. But find 
evidence that the growth nerve cells Amblystoma stimu- 
lated nervous functions. Indeed, there very strong evidence 
against this hypothesis. Within the motor mechanism least the 
behavior value new performance can have causal relation 
the growth those structures which make possible; and forced 
exercise and stimulation not perceptibly hasten the development 
the behavior pattern. Contrary Tanzi and Cajal, believe 
that nerve cells grow their own intrinsic potentiality, and that 
nervous mechanisms while growing acquire their specificity be- 
havior through the primary correlation their growth processes 
with receptor and effector functions. According this concept, 
the efficiency nervous mechanism the sphere adaptation de- 
pends not only upon the perfection its receptor, conductor, and 
effector functions, but primarily upon its potentialities growth. 
becomes function growth. normally growing 
nervous system may become perverted asocial through experience, 
whereas, favorable environment, abnormal psychoses may 
caused arrested growth. 

This conception the relation growth neurones the de- 
velopment behavior essentially different from that proposed 
Cajal. lends new interest anatomy and embryology and opens 
new approach problems psychology, psychiatry and 

Tanzi, see Cajal (footnote 3), 886 (1893). 

Ramon Cajal, Histologie Nerveux,” Tome pp. 887-890 
(1911). 


For the author’s contributions this subject see Journal Comparative 
Neurology, Vols. 23, 24, 26, 37, and (in press). 
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MEDITERRANEAN GARIGUE AND MACCHIA. 
JOHN HARSHBERGER. 


indicated number papers the writer, the comparative 
study types vegetation always proves profitable the advance- 
ment ecology and plant geography. Our ecologic concepts can 
clarified such comparison. The Mediterranean plant associa- 
tions can studied connection with those southern coastal 
California where somewhat similar climatic conditions exist. The 
writer has seen the chaparral California the foothills the Si- 
erra Nevada mountains, the hills around San Diego, and the 
slopes Mt. Tamalpais and the course forest botany, ecology 
and plant geography which has given the University Penn- 
sylvania, has compared chaparral with garigue and macchia the 
Mediterranean shores. with this background knowledge and 
with the comparative method mind, visited the coasts the 
Mediterranean during the summer 1923, examined these two 
scrub associations, took photographs and made collections the 
plants that were evidence during the summer months. 


GARIGUE AND MACCHIA. 


Garigue usually somewhat open association dwarf ever- 
green shrubs and trees mingling with the characteristic herbaceous 
plants that thrive during the summer under somewhat semi-arid con- 
ditions. Sometimes the shrubs and low trees grow close together 
and the intervals soil between the plants disappear. Again the 
plants under sterile conditions become more widely spaced with 
considerable blank areas soil. Macchia, maqui, associa- 
tion somewhat similar physiognomic aspect garigue, consisting 
low evergreen shrubs and trees with associated species, but 
usually occurs siliceous, noncalcareous rocks, with soil derived 
from them. The constituent species are crowded more, and there- 
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fore the association more nearly closed one. Garigue and macchia 
are some respects related heath vegetation. This particu- 
larly true those associations which occur the Spanish districts 
Old Castile and Leon which are sometimes confused with macchia. 
the tomillares, one these associations called, exist Thymus 
(tomillo), Lavandula Stoechas, Salvia and other and the 
other, called jarales, characterized the dominance Cistus 
ladaniferus, Cistus laurifolius, and Cistus monspeliensis, covering 
thousands square kilometers. Eastward Southern Europe, 
find transition from macchia the sibljak the Balkans, where the 
evergreen shrubs are gradually replaced those with deciduous leaves, 
such Paliurus australis, Phillyrea augustifolia, Rhus Coriaria, Sy- 
ringa vulgaris, Viburnum Lantana and Zizyphus lotoides, that 
summer macchia and sibljak have somewhat similar physiognomy. 
too may compare the characteristic scrub association Greece, 
the phrygana, where spring plants and bushes are dominant, such 
Poterium spinosum, Stachys spinosa, Verbascum spinosum, and spe- 
cies Astragalus. 

There seems some diversity opinion among plant ecolo- 
gists the status garigue and macchia. One group phyto- 
geographers believes that originally the coasts southern Europe 
were forested down the edge the Mediterranean Sea prehis- 
toric times and that with the encroachment cities, towns and cul- 
tivated areas and the removal the forests for domestic and com- 
mercial purposes the country was denuded its timber. result 
this action the part man the sterile soils which have been 
reclothed with the native plants the region have not been covered 
with forest trees, but the natural process succession have been 
tenanted evergreen character which prevail the 
present time along these coasts. Other phytogeographers believe 
that garigue and macchia are climatic associations and have been 
present from prehistoric times. the present day, however, such 
associations, confined originally restricted areas determined 
the stress climatic and soil conditions, have spread gradually with 
the destruction and misuse the primeval forests until they have 
covered extensive areas which would grow forests again the 
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conditions became favorable once more. The writer believes that 
the second alternative the one which explains best the facts 
has seen them Southern France. 


Garigue. 


Back Montpellier southern France are limestone hills where 
the rock has been weathered into fragments variable size with 
few outcrops the form ledges and hogbacks. These lime- 
stone areas are covered with garigue. The most accessible garigue 
Montpellier Castelnar. Here considerable areas country 
are uncultivated, because they are too rough, and the natural 
vegetation supreme. The botanist impressed with the barren- 
ness the soil, but yet the familiar fact appears that there are 
plants that will thrive under such conditions. The garigue Castel- 
nar somewhat open association, although places the shrubs 
come together form close ground cover. The dominant shrubs 
arranged alphabetically are: Cistus monspeliensis (Fig. 1), Paliurus 


australis, Quercus coccifera and Rhamnus alaternus. The evergreen, 


holm oak, Quercus ilex, raises itself small tree above the dominant 
shrubs, but rather scattered, although shows lusty growth 
There some evidence that was more abundant and sub- 
dominant, but has been cut down for fuel and other purposes 
region where the wood supply scarce. this the correct view 
the dominance the holm oak, then earlier times the country 
back Montpellier was covered with holm oak forest with under- 
growth comprising the present dominant species the garigue. The 
undershrubs the present garigue that grow one six feet high 
are: Daphne Gnidium (26 feet) (Fig. 3), Helichrysum Stoechas 
foot), Lavandula spica (1-2 feet), Lonicera implexa (3-6 feet), 
Osyris alba feet), Thymus vulgaris foot), Two evergreen 
climbers are noteworthy constituents the garigue, viz: Rubia pere- 
grina and Smilax aspera (prickly) both evergreen and the shrubby 
vine, Clematis Flammula. The herbs collected comprise Bis- 
cutella laevigata, the grass, Brachypodium ramosum, Cephalaria jop- 
pica and Sium erectum. the edge the uncultivated garigue, 
the aleppo pine, Pinus halepensis, occurs tall specimens (Fig. 4). 
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Accompanied Dr. Herman Knoche the writer was impressed 
the physiognomy the Montpellier garigue, the fact that 
nowhere that association was Dr. Knoche hid sight the 
shrubby ground cover (Fig. 3). fact the shrubs and undershrubs 
reached only waist high. The low dwarf habit the principal 
species was very noteworthy forming continuous cover where the 
soil was less stony and more fertile, and thinning out into scattered 
growth where the soil became more rocky, where hogbacks projected, 
and where the steep hill slopes either through erosion, the utter 
hardness and consequent barrenness the soil, the constituent plants 
the garigue were not offered conditions conducive growth. 


The macchia investigated the writer located the shores 
the Mediterranean the apex the Peninsula Hyeres, 
Giens (Presque Ile Giens) along the bay Tour Fondue within 
sight the Isle Porquerolles (L’Ile Porquerolles) and the 
smaller island Grand Ribaud. The peninsula T-shaped, connected 
the stem the with the mainland (see map The outer 
portion the peninsula hilly with red shale the outcropping rock 
(non-calcareous). The shale rock covered with the macchia here 
undisturbed possession the hills and extending down the edge 
the cliffs fronting the Mediterranean Sea. The long arm the 
peninsula characterized sandy dune-like stretch one side, 
salt marshes and saltings the other. the saltings, the salt water 
evaporated and converted into salt, which stored large heaps 
covered with red tiles for protection against the rain. Along the 
sandy stretch found one the best examples the stone pine 
(Pinus pinea), forest along the Riviera (see map). 

The taller shrubs the macchia are the following: the tree 
heath (Erica arborea) (Fig. 5), the juniper (Juniperus 
(Fig. 6), the myrtle (Mytrus communis), Phillyrea media, the pis- 
tache (Pistacia Lentiscus) and the holm oak (Quercus ilex), which 
show their tops the shearing action the wind, and where isolated 
they become round-topped, low dome-shaped. Where the low 
thicket constituent shrubs and undershrubs has its outer edge ex- 
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posed wind action the shrubs slope upward direction from 
the ground, the dwarfest plants front and the higher less wind- 
pruned ones behind. The whole scrub then appears skilfully 
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pruned gardener’s shears. The associated undershrubs fill the 
interspaces, spread out the more exposed hillslopes. Such 
undershrubs according collection comprise Calycotome spinosa 
(Fig. monspeliensis, Cistus salviaefolius, Lonicera implexa, 
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and the prickly, woody climber, Smilax aspera. All these woody 
plants places form impenetrable thicket. The general impres- 
sion that hummocky growth where the hummocks represent the 
rounded tops the closely matted shrubbery (Fig. 7). The general 
color the vegetation dark-green blending with brown and gray 
patches where the constituents vary their distribution. Where 
Calycotome spinosa fronts the macchia and wind-swept, 
decided gray color. Quercus coccifera dark-green color turning 
gray where its branches have been denuded foliage wind ac- 
tion Where the rock roses (Cistus) prevail the areas dom- 
inated them have brownish-yellow color. Pistachia Lentiscus 
dark lustrous green. The maritime pine (Pinus pinaster) pros- 
trated the wind into low spreading shrub. The everlasting 
(Helichrysum Stoechas) shrubby growth about foot high, 
woody its base. taken from the old Greek name for 
Iles d’Hyeres, where this composite plant and Lavandula Stoechas 
grow. The crannies the cliff faces support Statice minuta var 
pubescens and Plantago subulata, while the rock pools the base 
the cliffs grows Posidonia oceanica, which torn loose from its briny 
habitat rolled into balls, aegagropilae, which with its dried and 
bleached leaves are piled windrows feet thick the quieter 
embayments the shore line. 


MARITIME PINE HYERES. 


heath low vegetation comprising mainly ericaceous under- 
shrubs raw humus, and extension the idea where oak trees 
forming prominent constituent the heath converts into oak 
heath and the dominance pine trees into pine heath, 
legitimate extend the garigue and macchia concepts the same 
way. Where the cork oak (Quercus suber) prevails can call our 
macchia where the maritime pine Pinus 
pinaster prevails have Pine Tansley 
emphasizes the fact that “while maritime pine found chiefly 
siliceous soil, the Aleppo pine (Pinus Halepensis) forms the char- 
acteristic woods the limestone (Fig. 4), though not confined 
these Hyeres the dry slate hills are covered with maritime 
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pine (Pinus pinaster), which tapped for turpentine using clay 
cups catch the resinous flow from the trees. The cork oak 
cus suber) associate the pine, and the strawberry tree 
(Arbutus unedo), the juniper (Juniperus oxycedrus) and the pis- 
tache Lentiscus). There are number tall shrubs, 
which form the undergrowth these pine forests and when the pine 
trees thin out, they become dominant and completely cover the 
ground. the dry slate hills under the pines grow the shrubs: 
Calycotome spinosa (Fig. 5), Cistus salviaefolius, Erica arborea, 
Mytrus communis, Phillyrea angustifolia, latifolia, Quercus 
fera (Fig. 8), and the undershrubs Helichrysum Stoechas, Lavandula 
Stoechas, Lonicera implexa and Staehelina dubia. 


CONCLUSION. 


Our study the Mediterranean garigue and macchia shows that 
are dealing with natural vegetation units. The garigue Mont- 
pellier not purely successional association, but exists such 
the barer limestone hills. Where the soil becomes better find 
that the holm oak (Quercus tlex) probably formed forests prehis- 
toric times and such areas garigue where the holm oak dominant 
may termed (Fig. 2). Similarly the ex- 
posed promontory the Peninsula Giens, find the low shrub 
thicket dominant and here have true macchia the sense which 
that term used European phytogeographers. More inland near 
the City Hyeres, find forest which the undergrowth consists 
many the same species occur the exposed promontory 
the Peninsula Giens. Here the maritime pine (Pinus pinaster) 
dominant. can call such association MARITIME PINE 
and if, suggested the presence the cork oak 
(Quercus suber) this forest, this tree becomes the dominant one 
and overshadows the shrubby and herbaceous constituents, have 
Oak Such characterization two the most 
important associations the Mediterranean coast enables 
classify associations which are closely related, and which naturally 
interdigitate travel along the Riviera. enables call 
associations, garigue and macchia, which have dominant tree species 
the addition qualifying descriptive term. Thus have: 
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Fic. Crataegus oxyacantha, spica, 
Brachypodium ramosum, ete. Garigue Castelnar near Montpellier, France. 
July 1923. 


> 


Fic. Tall holm oak (Quercus ilex) with coccifera, Rhamnus alaternus, 
ete. Garigue Castelnar, Montpellier. 
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Daphne Gnidium the Garigue, Castelnar near Montpellier, France, 
with Dr. Knoche. July 1923. 


Fic. Tall aleppo pines halepensis) edge uncultivated garigue 
near Montpellier, France. July 1923. 
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Fic. Almost pure Erica arborea with Calycotome Presqu’ ile 
Giens near Hyeres, France. July 1923. 


Fic. Juniperus phoeniceus two feet tall Macchia. Presqu’ ile Giens 
near Hyeres, France. July 1923. 


Fic. General View Macchia looking Seaward. Presqu’ ile Giens 


near Hyeres, France. July 1926. 


Fic. Close View Wind-swept Macchia with coccifera, Erica 


arborea and Calycotome spinosa. 
July 1923 


Presqu’ ile Giens near Hyeres, France. 
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SOME PUZZLING PEPPER LEAVES. 


WILLIAM TRELEASE. 
(Read April 22, 1926.) 


While making descriptive studies large number herbarium 
specimens Piper, have stumbled onto occasional leaf-peculiari- 
ties that puzzle me. 

Piper Amalago, Jamaica, which had been the subject exam- 
ination and publication earlier Browne and Sloane, was given 
status binominally designated species 1753 Linnaeus. 

1798, Ruiz and Pavon described Peruvian plant somewhat 
the same aspect, which they named Piper unguiculatum because the 
leaves often seem bear extremely small lobe auricle either 
side the blade where this joins the petiole. 

the same publication, Ruiz and Pavon gave the name Piper 
callosum another Peruvian plant which has small disks—something 
like the glands cherry leaf—at either side the blade, close 
the petiole. 

Piper unguiculatum may taken illustrative these struc- 
tures not only because first commemorated them name and em- 
bodied them specific description, but because these facts have 
caused confusion between this Peruvian plant and several North 
American species that, though distinct, have been identified with 
because more less observable unguiculate leaf-base. 

first sight, the blade the leaf often appears here pro- 
longed each side into small basal lobe, somewhat the Eng- 
lish oak (Quercus pedunculata) the case much more obviously 
the large leaves Magnolia but this appearance does not 
exactly represent the fact. 

Though sometimes cordate, usually the leaves this pepper are 
rounded gradually narrowed base, and either case the margin 
flows uniformly onto the upper side the petiole. What appears 
lobulation merely the expression crescent-shaped fold- 


Piper unguiculatum; natural size, and leaf-base enlarged (material cul- 
tivated Vienna). 

Piper Amalago; natural size, and leaf-base enlarged (the black-jointer 
Jamaica—Robinson). 

Piper Amalago subpanduriforme; natural size (type collection, from 

Piper callosum; natural size, and leaf-base enlarged (type collection 
Poeppigii—Peru, Poeppig). 
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ing-back small part the margin shortly above the base the 
blade, way comparable with the notched tip the pinnules 
some species Adiantum among the ferns. Sometimes the margin 
more revolute one side than the other, that the leaf- 
base appears unsymmetrical, and often lacking one side 
both sides, especially the most cordate leaves; but general 
seems characteristic feature the leaves. 

The leaves the Antillean Piper Amalago commonly are revo- 
lutely unguiculate the same manner, also are those the related 
Mexican Piper terminale and several yet unpublished species 
the same country. far have noticed, none the earlier 
printed references these specifically mention this small but rather 
striking feature their leaves; but appears have been observed 
number cases one may judge from the fact that several 
them have been mistaken for the Peruvian Piper unguiculatum. The 
same feature appears some leaves the curious Jamaican mon- 
strosity Piper Amalago that has been called Piper subpanduri- 
forme. 

The leaf-base, apparent lobule, below the inrolled margin, lying 
against the top the petiole, finally appears somewhat pouch-like 
all these cases, that revolute margin and claw cover, without 
enclosing, continuous chamber tunnel partly the lower side 
the leaf-blade and partly the upper side the petiole where 
the blade abuts the vanishing groove the leaf-stalk. 

Small, the beginning, when leaf opens out from the bud, these 
structures sometimes progressively develop the leaf grows, and 
even the fully grown leaf the basal texture sometimes appears 
delicate and immature, though the revolute margin itself and the 
basal lobule may finally become calloused. 

These species, Piper unguiculatum and Piper Amalago and its 
continental relatives, are the palmately nerved group sometimes 
segregated subgenus even genus under the name Enckea. 

the other hand, Piper callosum Peru and Piper urophyllum 
Costa Rica are the pinnately nerved group that has been treated 
comparably under the sectional generic name Artanthe Stef- 
the first these species, there does not appear the cres- 
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centic inrolling the margin which causes the unguiculate appear- 
ance the Enckeas; that the darkening callus-like areas near the 
base the blade just where joins the petiole, lie over the latter 
rather closely resembling the largest lobules the Amalago series. 

Though they appear not have been mentioned print, equiva- 
lent calluses occur the leaves the Costa Rican Piper urophyl- 
lum, though they are more elongated and laterally displaced here, but 
otherwise the callosum type. 

purpose drawing attention these peculiarities the 
leaves few peppers not merely show that sense they 
are characters usable the differentiation species, but suggest 
naturalists living the tropics the question what they are 
and why they exist. This question put not entirely one 
morphology reaction, but Darwinian teleology well. The 
structures occur too frequently quite accidental. They fall into 
that great category the teleological analysis which furnished Mr. 
Darwin with most convincing arguments for the idea correlation, 
adaptation his meaning the word. 

they are gall-structures they can only myco-cecidia fun- 
Piper unguiculatum, least, they occur green house specimens 
long cultivated European and North American greenhouses. 
they are domatia the rather ample sense which Lundstrom used 
the word, they can hardly other than acaro-domatia mite-domi- 
ciles, the general use that term. If, not evident nor ap- 
parently probable yet, they secrete nectar from the enclosed lower 
leaf-surface, they would fall into Belt’s group extra-floral nectaries 
and Delpino’s subdivision extranuptial nectaries. 

Put tersely, the question might be: What are these Piper lobules 
calluses; what induces their development; what function they 
perform; what their ecologic significance? The puzzle then re- 
mains: How HAVE THEY COME EXIST? 


March 1926. 


THE LAST FIFTEEN YEARS PHYSICS.* 
MILLIKAN, 


(Read 23, 1926.) 


With full recognition the tendency each generation 
consider itself important and its contributions progress unique, 
feel altogether confident that the historian the future will estimate 
the past thirty years the most extraordinary the history the 
world the present the number and the fundamental character 
the discoveries physics which has given birth, and the 
changes brought about these discoveries man’s conception 
the nature the physical world which lives. 

There has been period all comparable with unless 
the period about 300 years ago, which saw the development 
Galilean and Newtonian mechanics. This was indeed incalculable 
importance for the destinies the race. The conceptions then 
introduced are not only the basis modern material civilization, 
but they were the cause very complete change man’s whole 
intellectual and spiritual outlook—in his philosophy, his religion, 
and his morals. But the discoveries physics the past thirty 
years justify the expectation, least, great not greater 
consequences—consequences, too, which are already beginning 
realized. 

appreciate how stupendous change these discoveries have 
already wrought human thought, only necessary reflect 
that the six basic principles which the end the nineteenth 
century acted the police officers keep the physical world 
running orderly fashion, namely: 


(1) The principle the conservation the chemical elements, 
(2) The principle the conservation mass, 
(3) The principle the conservation energy, 
This paper was prepared both for the Friday evening address the annual 


April meeting the American Philosophical Society and for the 1926 edition 
Encyclopedia Britannica. 
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(4) The principle the conservation momentum, 
(5) The principle underlying electrodynamics, 
(6) The principle entropy the second law thermodynamics, 


there not one the universal validity which has not been re- 
cently questioned serious and competent physicists, while most 
them have been definitely proved subject exceptions. 

The principle the conservation the chemical elements went 
with the discovery radioactivity. The principle the con- 
servation mass vanished with the experimental discovery the 
increase the mass the electron with speed the velocity 
light approached. The principle the conservation energy 
suffered change aspect when both experimental 
ical evidence came forward that energy and mass are interconvert- 
ible terms related the Einstein equation MC? since 
that discovery the ideas energy and mass became completely 
scrambled. The principle the conservation momentum 
denied universality the theory. The Maxwell equations 
are violated atomic mechanics. The principle entropy was 
admitted have exceptions soon entropy was interpreted 
terms 

Further, the speed with which new discoveries and new points 
view are coming into modern physics shows yet abatement. 
Fifteen years ago was thought that the revolution had pretty well 
spent its force, that the main group new ideas had already been 
introduced. Buta listing the most outstanding discoveries the 
past thirty years shows that the great majority them belong 
exclusively the period here review—namely, the last fifteen 
all them belong least part this period. The 
immensity the progress made within will best appreciated 
through rapid review this whole list and brief comments upon 
the origin and the particular significance each discovery. 

The Discovery the was very gradual 
process covering about 150 years and participated many 
workers—Franklin, Faraday, Weber, Helmholtz, Stoney, Lorentz, 
Zeeman, Thomson, Lenard, Townsend, Wilson and others 


Univ. Chicago Press, Chapters 1924. 
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but the actual isolation and the exact measurement the electron 
occupied the first seven years the period review,? 1910-25. 

The Discovery falls clearly outside the present 
fifteen-year period, but practically the whole the quantitative 
working out the properties X-rays and the great discovery 
1912 their wave nature lies wholly within it. 

The Discovery Quantum began about 
the year 1900 with the work Planck, but the last fifteen years 
have contributed enormously it, will appear the enumeration 
discoveries proceeds. 

The Discovery the Principle Relativity—Though the 
special principle dates from about 1905 and therefore lies within the 
first half the last thirty-year period, the formulation Einstein 
the general principle belongs wholly the period review. Its 
birthday was 1915, and its most precise and significant experi- 
mental verification through the measurement the bending 
starlight going past the rim the sun, the discovery the 
enormous spectral shift lines coming from the campanion 
Sirius,‘ and the beautifully consistent measurements the displace- 
ments solar spectral has all been the work the past few 
years. too early estimate the significance Miller’s 
very recent observations ether drift. 

The Discovery Radioactivity—This belongs indeed wholly 
the first half the thirty-year period, but the definite proof that 
lead product the radioactive disintegration both uranium 
and thorium, and the application this fact the fixing the 
minimum age certain uraninites from the Black Hills Dakota 
1,677,000 take but single concrete case, very new 
and marks important advance the process elaborating very 
much more definite geologic time scale than has heretofore been 
available. 

The Discovery the Nuclear Atom through the experiments 
a-ray scattering begun about 1912 and carried for ten years, 


Millikan, Phil. Mag., July, 1917. See also 

Laue, Friedrich and Knipping, Ber der Miinchen Akad., 1912, also 
Jahrbuch fur Radioaktivitat Elektronik, II., 308, 1914. 

Adams, Mt. Wilson Observatory Contributions, 1925. 

Charles St. John, Mt. Wilson Observatory Contributions, 1925. 

Davis, Amer. Jr. Science, March, 1926. 
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mostly Manchester and Cambridge, England,’ falls wholly 
within the last fifteen-year period and has been epoch-making its 
consequences. 

The Discovery Crystal Structures through the aid X-ray 
spectroscopy dates from only 1913. has completely revolu- 
tionized crystallography and opened new world definite 
knowledge about molecular and atomic arrangements solids. 

The Discovery Atomic Numbers (1913-1924) and the definite 
fixing the total number possible elements between hydrogen 
and uranium both being included, perhaps the most 
beautiful and the most simplifying discovery ever made. Nature 
never came near surrendering herself her lover without reserve 
and revealing herself beautiful and simple grandeur when 
Moseley found that all the elements fitted into single arithmetical 
progression—a progression, too, which could mean nothing except 
that the positive charge the nucleus each atom moved 
unit steps from going from hydrogen uranium—a 
progression which once robbed atomic weights their long- 
usurped right act arbiters the chemical destinies atoms, 
and restored this place its legitimate possessor, the electrical 
charge the nucleus. Some day poet will arise who will make 
epic for the ages out young Moseley’s discovery. The X-ray 
spectroscopists and those who have recently extended the X-ray 
laws into the field have contributed the establishment 
the complete generality the Moseley progression, but they have 
but finished the structure which designed. 

The Discovery that the Energy Communicated Electrons 
Ether Waves Proportional the Frequency the Absorbed Waves.— 
This was vaguely suggested Planck 1900, more specifically 
Einstein 1905, but the experimental proof its correctness 
perhaps the most momentous achievement modern physics, and 

Rutherford, Geiger, Marsden and Chadwick, Phil. Mag., 21, 699, 25, 
604, 1913; 40, 734, 1920; 42, 933, 1922. 

Bragg, and Crystal Bell, London, 1916. See also 
Ewald, Kristalle Rontgenstrahlen, Springer, Berlin, 1923. 

Moseley, Phil. Mag., 26, 1024, 1913; 27, 1914, 703. 


Siegbahn, ‘‘Spektroskopic der Springer, Berlin, 1923. 
Millikan and Bowen, Physical Review, 1925. 
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has all come about since 1912. The achievement momentous 
not merely because the equation ranks with the 
equations Maxwell its consequences, but because the relation 
itself new, undreamed 1895, and altogether revolutionary, 
demanding return some elements the corpuscular theory 
ether waves. was proved first very exactly photoelectric 
experiments with light waves,” then during and after the war with 
and then with y-rays. Most the preceding discoveries 
were wonderful additions knowledge, explorations heretofore 
unknown fields but not subversive established conceptions. This 
one, however, wrought havoc with existing theories and demanded 
new formulation ideas about the relations ether physics and 
matter physics. Its significance for the future can scarcely 
overstated. 

10. The Discovery the Meaning Spectral 
setting his theory atomic structure merely generalized the 
preceding relation. With unusual insight into the method 
constructive science, incorporated all the past and merely 
superposed upon celestial mechanics the assumption, almost inevi- 
table (if Einstein’s equation correct) that when ether wave 
well when being absorbed, the foregoing relation 
between energy and frequency still holds, that the emitted wave 
frequency given =h,, the and being the 
electronic energy before and after emission. Combining this with 
the experimentally established Ritz-Balmer equation, brought 
out sharply the unitary atomic character angular momentum, 
clearly one the two three most fundamental discoveries all 
time, for will presumably always the basis all atomic me- 
chanics. had been dimly glimpsed before the work Planck 
and Einstein, definitely stated Nicholson and Ehrenfest, but from 
Bohr’s time quantum theory took definiteness, almost 
visualizability before unknown. 

Duane, Physical Review, 599, 1916; 568, 1916; 10, and 624, 1917; 
Broglie, Third Solvey Congress, 1921; Ellis, Proc. Roy Soc., 99, 261, 1921; also 
same Jan., 1924. 

Bohr, Phil. Mag., 26, 476, 857, 1913. See also Electron,” 
Chapter 
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11. The Discovery discovery did not begin 
made until 1913, when chemists and physicists approached 
from two different angles; first, the chemistry the radioactive 
elements, and, second, positive ray was completed 
only after ten years work physicists analyzing positive 
ray methods forty-six the first fifty-five elements the periodic 
table. Its significance lies the four following facts: first, that 
has resurrected completely the discredited and amazingly simple 
Prout hypothesis that the masses all atoms are exact multiples 
the mass primordial atom; second, that has enabled 
count with certainty the exact number positive and negative 
electrons inside every nucleus—positives being equal number 
the atomic weight, negatives the atomic weight minus the atomic 
number; third, that the failure hydrogen fit exactly into the 
above scheme constitutes excellent evidence for the Einstein con- 
clusion the interconvertibility mass and energy; and fourth, 
that the difference stability (decay-time) radioactive isotopes 
suggests new possibilities the reading the structure the 
nucleus, gives new eyes for peering inside the tiniest 
organism yet found—the nucleus the atom. 

12. The Discovery ‘‘the Excited purely theoretical 
reflections 1921 two mere youths Denmark, Klein and 
Rosseland, resulting the proof that atoms can thrown 
impact, experiment shows that they can, into quantum state 
higher energy than the normal—appropriately called excited 
state—then unless the second law thermodynamics 
violated, there must heretofore unrecognized mechanism 
which excited atom can return its normal state without 
radiating all, but rather throwing back all the potential energy 
its excited condition through so-called the second 
into electron atom projected from the collision with 
kinetic energy that may 100 times the average energy 
molecular agitation. This very recent discovery the first 
magnitude and possibly immeasurable significance. has 
already made possible through the work the experimental 


See Aston’s Isotopes, London, 1922. 
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physicist see collision-mechanism which negligible 
number mercury atoms can absorb ether-wave radiations and 
transfer that energy the act exciting thallium atoms radiate 
their characteristic frequencies. for the first time reveals 
definite mechanism, sought vain the best thinkers the nine- 
teenth century, which the energy either waves may ab- 
sorbed matter and transformed into heat. takes one case, 
least, the mystery out the words suggests 
why very minute quantities vitamines, etc., may the inter- 
mediaries through which very vital processes are brought about. 
makes the future bright with promise for the better understanding 
explosive processes. Indeed, the properties excited atoms may 
the foundations new era both industrial and biological 
science. 

13. The Discovery the Artificial Disintegrability Atoms.— 
This was glimpsed about 1912 through the appearance hydrogen 
lines where hydrogen unless artificially produced from other elements 
should not have been present, and new claims spectroscopic 
evidence similar sort are now being advanced, but the un- 
ambiguous proof contained Rutherford’s direct experiments 
showing that hydrogen atoms can knocked out other atoms 
alpha ray bombardment. The method shares with that which will 
introduce new resolution into the study the masses isotopes, 
the promise for the future reading the conditions the electrons 
within the nucleus. 

14. The Discovery Relativity Inside the Atom.—It was late 
1915 before Sommerfeld began his wonderful work the inter- 
pretation the fine structure spectral lines—work which began 
for the first time reveal the correct principles underlying quantiza- 
tion, finally penetratingly formulated Epstein. Seldom the 
history physics have purely theoretical had such amazing 
successes the field precise prediction have Sommerfeld’s 
relativity-doublet formule and Epstein’s extension the same 

See Loria, Phys. Rev., Nov. 1925, and Proc. Nat. Acad., Dec., 1925, for 
review experimental work Franck, Caria, Donat and Loria. 

Rutherford and pupils, Phil. Mag., 


1924, Chapter 
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sort orbit considerations the prediction the number and 
character the multiplicity lines found the Stark effect. 
The whole interpretation spectroscopic fine structure through 
changes so-called azimuthal and inner numbers one 
the great achievements all time resulting from the interplay 
between penetrating theoretical analyses and skillful and refined 
experimental technique. 

15. The Discovery New Experimental Techniques for Seeing 
Invisible Ether Waves.—Such long-wave technique has completely 
bridged within the past two years the gap between artificial electro- 
magnetic waves and heat and the short-wave region hot- 
spark vacuum spectrometry and beta ray methods analysis 

have practically filled completely the gap between the optical 
the X-ray fields, while far above even the gamma rays 
radium new group rays well-nigh infinitely high frequency has 
been found. (See below.) This continuous passage frequencies 
from thousand billion billion per second, over into the zero 
frequency, over into static electrical fields, all these waves 
possessing identical characteristics speed propagation, 
polarization, and relations electric and magnetic vectors, 
demands one and the same sort transmitting mechanism 
medium take care them all, whatever name may called, 
whether this last term meaning 
longer emptiness, but emptiness endowed with definite properties, 
such hybernism suits one’s taste. 

16. The Discovery New Properties Conduction Electrons.— 
The direct measurement the mass conduction electrons, the 
discovery general increase conductivity with the application 
enormous pressures,” and the very recent 
proof that, when intense electric fields pull conduction electrons out 
metals, the energy thermal agitation assists not all 
ordinary temperatures, but does assist very high temperatures, 

Nichols and Tear, Phys. Rev., 1925. 

Millikan, Astro. Phy. Jr. for 1920, and Millikan and Bowen, Phys. Rev., 
1923 and 1925. 

Tolman, C., Phys. Rev., 

Bridgman, Phys. Rev., 1925. 


Kammerlingh Onnes, Contributions from the Univ. Leiden, 
Millikan and Eyring, Phys. Rev., Jan. 1926. 
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all these recent discoveries, especially the last, begin clear the 
contradictions the electron theory metallic conduction, and 
enable the quantum theory specific heats applied new 
and illuminating way the condition the electrons metals. 
The new results are full promise for the better understanding 
the near future the moot subject metallic conduction. 

17. The Discovery Quantum Jumps Inside the 
very recent proof that gamma radiations obey the same quantum 
jump laws obeyed X-rays and light rays and the still more recent 
proof that the initial act radioactive change the ejection 
alpha beta ray—possibly virtue the actual loss mass 
the nucleus through electronic settling and the transformation this 
mass into the energy the ray, following the relation 
governing the interconvertibility mass and energy—this 
discovery importance for the future understanding one the 
most fundamental processes nature, the growth and transmuta- 
tion the elements. 

18. The Discovery that the Law the Conservation Momentum 
Applicable the Encounter between Light Quant and Free 
Electron.—This very recent and very amazing discovery seems 
put the final nail into the Einstein conception radiant energy 
travelling through space the form vibratory light darts some 
sort, but the same time emphasises the apparent impossibility 
the physicist finding his present stage development any one 
consistent and universally applicable scheme interpretation. 
discovery the very first magnitude, one whose chief values 
may keep the physicist modest and undogmatic, still willing, 
unlike some scientists and many philosophers, not take himself 
too seriously and recognize that does not yet know much 
about ultimate realities. 

19. The Discovery the Summation Two More Quantum 
Jumps into Single Monochromatic Ether very recent 
proof brought forth first the properties band spectra?’ and 
second the discovery two eleetron jumps through study 

Rutherford, Proc. Roy. Soc., 1925 and 1926; Meitner, Zeit Phys., 
1925. 


Compton, Phys. Rev., 1923, 1924 and 1925. 
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groups line that atom can integrate the combined 
energy two distinct and simultaneous quantum jumps into 
single emitted monochromatic wave fundamental importance, 
because the new light which throws upon the nature the act 
which ray light born and projected its way through 
space. The discovery two electron jumps uniting into single 
monochromatic ether wave seems preclude the possibility that 
there any vibrating mechanism the atom executing vibrations 
synchronously with the period the emitted monochromatic wave. 
That the atom has this power transforming, some yet 
mysterious way, the energy every atomic shudder into momo- 
chromatic ether wave amazing. Whether shall ever able 
visualize the process more definitely than can now one 
knows. 

20. The Discovery the Failure the Relativity Explanation all 
Relativity-doublets impasse pointed out within be- 
tween the heretofore recognized causes doublets optics and 
X-rays, impasse which necessitated the finding new cause 
which would yield exactly the same formula the relativity cause— 
really terrible necessity view the extraordinary quantitative 
success the purely theoretical formula following from the mere 
postulation the change the mass the electron with speed— 
this impasse has apparently just been resolved within two months 
two young Dutchmen, Ulenbeck and Goudsmid, who find, 
that the assumption that every electron the 
universe spins with one unit angular momentum either right- 
handedly left-handedly yields formula exactly the same form 
does the relativity cause. This assumption not only saves the 
relativity explanation but, combined with it, furnishes much 
better correlation all present spectroscopic facts than have 
heretofore had. represents probably fundamental advance 
our understanding the nature the most nearly ultimate thing 
with which physics deals, namely, the electron. The physics the 
future bids fair hear much the spinning electron. 

Russel and Saunders, Astro. Phys. 1925; Wentzel, Zeit. Phys., 1925; 


Bowen and Millikan, Phys. Rev., 1925. 
Millikan and Bowen, Phil. Mag., 1925. 
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21. The Discovery Cosmic something very 
fundamental going all through space, that nuclear transforma- 
tions each enormous energy value corresponding the fall 
electron through much 30,000,000 volts, are actually taking 
place all directions about the outer stretches the universe 
and that the signals these cosmic changes can detected here has 
just been proved. most stimulating the imagina- 
tion. Call the music the spheres you wish! Anyway man 
can hear now and may some time know more about it. 

these twenty-one fundamental discoveries least sixteen 
fall wholly within the past fifteen-year period, and all them have 
belonged small degree it. Physics yet seems show 
signs approaching senility. the future has store, man 
knows, but present there seems well-nigh limitless possibili- 
ties ahead for applications even the pace discovery should some 
time slacken. 


High Frequency Cosmic Phys. Rev., May, June and Sept, 1926. 
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SAMUEL PIERPONT LANGLEY AND MODERN 
AVIATION. 


CHARLES WALCOTT 


One the most interesting periods the development modern 
office, Professor Samuel Pierpont Langley. Although made 
more concrete contributions the science flying, perhaps the most 
important result his work was the raising the whole subject from 
the realm ridicule and placing solid foundation facts and 
definite laws derived from years scientific study. This change 
clearly summarized letter from the distinguished engineer, Octave 
Chanute, written 1896: 


significant, however, that prior the publication Doctor Langley’s 
work, was the rare exception find engineers and scientists recognized 
ability who would fully admit the possibility man being able solve the 
twenty-century old problem aviation. Since the publication 
periments Aérodynamics,” however, the exception find intelligent 
engineer who disputes the probability the eventual solution the problem 
man-flight. Such has been the change five years. Incredulity has given 
way, interest has been aroused the scientific question, sound basis has 
been furnished for experiment, and practical results are being evolved 
many workers. 


Langley’s interest flights began his boyhood days, when his 
wonder was aroused the mysterious power hawks and buzzards 
sustain themselves the air and move about will without ap- 
parent motion the wings. interest remained dormant, how- 
ever, until 1886, when listened scientific paper which caused 
him conclude that the theories the flight birds were not based 
sound facts, and then determined undertake scientific 
attack the problem what mechanical power would required 
support and move through the air given weight. This research 
pursued Allegheny Observatory and the Smithsonian Insti- 
tution for three years, studying particularly the important and dis- 
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puted matters the resistances and reactions the air plane 
surfaces. the published results this work, entitled Experi- 
ments (1891), which attracted immediate atten- 
tion among physicists America and Europe, Langley announced 
that was possible construct machines which would give such 
velocity inclined surfaces that bodies indefinitely heavier than the 
air could sustained upon and moved through with great 
velocity. concrete terms, declared that plane surface weigh- 
ing little over 200 pounds could propelled sustained horizontal 
flight speed about miles hour force one horse- 
power. 

1893, Langley’s second large work this field was published 
under the title, Internal Work the Wind.” showed that the 
irregularities the wind were much more pronounced than had 
previously been supposed, and that they offered agency great 
possible mechanical importance. suggested that these irregulari- 
ties pulsations the wind might largely account for the soaring 
ability certain birds. This volume also attracted wide attention 
from physicists this country and abroad. 

the result these extended experimental and theoretical stud- 
ies the basic problems underlying mechanical flight, Langley was 
firmly convinced that from scientific viewpoint there was nothing 
prevent such flight. test his belief, began once build 
model flying-machines, first small affairs various designs 
powered rubber-bands, and later steam-driven 
considerable size. Several attempted flights and failures, each teach- 
ing its lesson and contributing materially progress, bring 
May 1896, when aérodrome No. was mounted its launching 
device top house boat moored the Potomac River. The 
machine, weighing pounds and with square feet supporting 
surface, had been minutely inspected Langley and his mechanics, 
and everything was readiness for another test. was thrilling 
moment, not only for Langley but for the eager watchers, among 
them Alexander Graham Bell. The signal was given. The little 
plane shot from the launching ways, rose directly the face the 
wind and soared graceful flight slightly over 3,000 feet, when, its 
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fuel exhausted, settled gently into the water and was immediately 
ready for another flight. The second flight, which followed directly, 
was equally successful, and for the first time the history the 
world, heavier-than-air machine had moved through the air under 
its own power sustained flight, guided its own controls. 
Shortly after these successful tests, Langley wrote 1896: 


have brought close the portion the work which seemed 
specially mine—the demonstration the practicability mechanical flight— 
and for the next stage, which the commercial and practical development 
the idea, probable that the world may look others. The world, indeed, 
will supine does not realize that new possibility has come it, and 
that the great universal highway overhead now soon opened. 


However, 1898, influenced part natural eagerness 
see man-carrying plane flight, and patriotic desire 
service his Government, and assisted financially the War De- 
partment, Langley began the construction full-size machine 
carry pilot. Innumerable difficulties were encountered, chief among 
them being the impossibility getting sufficiently powerful engine 
which was not far too heavy. was finally found necessary con- 
struct one the Smithsonian, and this was successfully accomplished 
Mr. Charles Manly, the engineer who assisted Mr. Langley. 
The machine was completed 1903, but the two occasions 
which trials were attempted, failed get into the air. These fail- 
ures, however, were not due defects the machine 


Washington, bearing the following label: 


“LANGLEY AERODROME 


“THE ORIGINAL LANGLEY FLYING MACHINE 1903, 
RESTORED 


“IN THE OPINION MANY COMPETENT JUDGE, THIS 
WAS THE FIRST HEAVIER-THAN-AIR CRAFT THE HISTORY 
THE WORLD CAPABLE SUSTAINED FREE FLIGHT UNDER 
ITS OWN POWER, CARRYING MAN. 


“THIS AIRCRAFT SLIGHTLY ANTEDATED THE MACHINE 
DESIGNED AND BUILT WILBUR AND ORVILLE WRIGHT, 
WHICH, DECEMBER 17, 1903, WAS THE FIRST THE HIS- 
TORY THE WORLD ACCOMPLISH SUSTAINED FREE 
FLIGHT UNDER ITS OWN POWER, CARRYING MAN. 


| 


WALCOTT—SAMUEL PIERPONT LANGLEY 


Owing failing health did not undertake further trials and died 
1906 without seeing man-driven flying machine the air, al- 
though had realized the dream lifetime when his machine 
1896 flew successfully under its own controls. 

Langley was true pioneer. established his own facts, 
deduced his own laws from them, and applied these facts and laws 
successfully the actual flight large model flying-machines. The 
marvellous advance aviation the last twenty years was stimulated 
and large extent made possible the pioneer research work 
Samuel Pierpont Langley. 


“The aéronautical work Samuel Pierpont Langley, third Secretary 
the Smithsonian Institution, was begun 1887. fundamental scientific 
research discovered facts, the publication which largely laid the founda- 
tion for modern aviation. Langley designed large model aéroplanes which 
repeatedly flew 1896 with automatic stability for long distances. The 
War Department, impressed his success, authorized him construct 
man-carrying machine which was completed the Smithsonian shops the 
spring 1903. Attempts made launch October and December 
1903, failed owing imperfect operation the catapult launching device. 
these trials the wings and control surfaces were badly damaged and lack 
funds prevented other tests this time. The aéroplane was left the 
War Department with the Smithsonian Institution for further experiments. 
1914 (following the foundation the Institution the Langley Aéro- 
dynamical Laboratory) the experiments were resumed, using all available 
parts the original machine. The frame and engine were the same 
the first trials; the reconstructed wings were used without the leading edge 
extension; the control surfaces were reconstructed; and launching pontoons 
with necessary trussing were substituted for the original catapult. Thus 
equipped, and weighing over per cent. more than 1903, with Glenn 
Curtiss the pilot, was successfully flown Hammondsport, Y., June 
1914. With more powerful engine and tractor propeller was subse- 
quently flown repeatedly. These tests indicated that the original machine 
would have flown 1903 had been successfully launched. After the Ham- 
mondsport flights the machine was restored accordance with the original 
drawings and data under the supervision one the original mechanics, 
using all original parts available. 1918 the machine thus restored was de- 
posited the National Museum for permanent exhibition. (Its 52-horse- 
power gasoline engine was designed Charles Manly, who superintended 
the construction the machine and piloted 1903.) 


“THE MODEL AERODROMES DESIGNED LANGLEY, THE 
LANGLEY-MANLY ENGINE, AND PHOTOGRAPHS THE 
MACHINES FLIGHT ARE SHOWN NEARBY” 


THE TRANSMISSION THE VEGETATIVE 
CHARACTER SPHAEROCARPOS. 


CHARLES ALLEN. 
(Read April 22, 1926.) 


The character here discussed was first observed one male 
gametophytic offspring mating made between plants Sphae- 
rocarpos Aust. 1919. The cultures used parents 
mating were, respectively: female clone showing high degree 
tuftedness (Allen, 1924b) and carrying, its sporophytic off- 
spring have shown, the separate-spore tendency (Allen, and 
group male plants, not certainly belonging single clone but 
all recognized typical. Among the offspring this mating was 
the male clone question (20.45) which, besides being markedly 
tufted, was luxuriance vegetative growth, 
shown especially the size the lateral lobes, and relative 
scarcity antheridia and (Allen, 575). The 
tendency manifested this clone toward greater vegetative growth, 
combined correlated with tendency toward less profuse produc- 
tion sex organs than typical race, was provisionally designated 
vegetativeness.” Clone 20.45 evidently derived its tufted tend- 
ency from the female clone. The possibility that the vegetative 
character resulted from mutation supported the fact that this 
clone alone family 142 was observed display that character. 
However, since the male culture was not certainly single clone, 
also possible that one plant that culture, the male ancestor 
clone 20.45, was actually especially since the time the 
parental culture was under observation the criteria typical race 
were not sharply defined they later came be. 

The studies reported here have shown that vegetativeness 
genetically separable from tuftedness, connection with which 
was first observed. one three atypical characters (or char- 
each first observed male clone Donnellit 
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and each involving relatively small production sex organs and 
relatively great vegetative growth. The other two are polyclady, 
already studied large scale (Allen, 1924a, 1925a, 1926) 
and semisterility (described Wolfson, 1925), whose behavior 
inheritance satisfactory information yet available. The typi- 
cal condition, vegetativeness, and semisterility constitute series dif- 
fering, far observation has shown, only the proportional de- 
velopment reproductive and vegetative structures; semisterility 
being extreme condition which few, times no, sex organs 
appear. Polyclady, the other hand, also involves marked struc- 
tural peculiarities. 

The results are here briefly reported matings four different 
female clones with the original vegetative male clone. 


VEGETATIVE, TUFTED. 


Mating 40: 20.45. 
Mating 41: 20.56 20.45. 


The results these two matings are summarized Table The 
classification here given subject modification further study 
such the clones still survive; given, however, with con- 
fidence its approximate accuracy. 


TABLE 


Non-veg., Non-veg., Veg., Veg., 
Non-tuf. Tuf. Non-tuf. Tuf. Totals. 
Mating 40: 
Mating 
Totals: 


VEGETATIVE CHARACTER SPHAEROCARPOS. 


Table shows, the vegetative and tufted characters displayed 
the male ancestor may reappear either separately together 
the offspring either sex. Vegetative female clones have thus 
appeared (or least have been recognized) for the first time. 

Vegetative plants either sex differ from typical plants the 
number involucres (each enclosing sex organ) produced the 
apex branch. typical plant, under conditions favorable 
for growth, many six involucres may counted, approximately 
row across branch near its apex; vegetative plant, rarely 
more than four involucres appear such row. typical plant 
the involucres are closely crowded near the apex and for some dis- 
tance back, becoming gradually separated the older portions the 
thallus grow horizontal extent, usually distance the base 
not exceeding the diameter fully grown involucre. vege- 
tative plant, the crowded condition disappears very shortly behind 
the apex, and farther back the involucres become separated more 
widely, usually much more widely, than typical plant. The 
vegetative tendency males results, under conditions reasonably 
favorable for growth, larger development the lateral lobes 
than typical males, and more rapid extension the area oc- 
cupied the clone whole. Corresponding differences vege- 
tative growth, they occur, are not conspicuous female clones; 
perhaps because typical females are themselves characterized 
much more vigorous growth than typical males. 

The statements just made apply branches otherwise typical 
appearance, whether they belong typical tufted clones. 
tufted branches the vegetative character not readily recognizable 
apparently the tendency such branches toward upright growth 
and the consequent crowding involucres overcomes the tendency 
supplied vegetativeness toward greater separation the in- 
volucres. 

The differences that distinguish vegetative and typical plants are 
much the same nature differences that may appear within 
single clone consequence varying environmental 
vegetative clones are therefore not readily distinguishable from 
typical clones are those marked certain other atypical charac- 
ters. This statement holds particularly for the females, and their 
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cases necessarily tentative. much easier distinguish between 
vegetative and non-vegetative males, and, providing they are fairly 
healthy and vigorous, male clones can classified vegetative 
non-vegetative with high degree confidence. 

The possibility not excluded that the vegetative tendency in- 
herited differing degrees different clones, somewhat seems 
true the tufted tendency (Allen, this point 
conclusive statement can yet made. 


NON-VEGETATIVE, TUFTED VEGETATIVE, TUFTED. 


Mating 42: 20.68 20.45. 
Mating 43: 20.65 20.45. 


Very few germinations were secured spores derived from 
these matings. The results, however, are given for what they may 
worth Table II. 

TABLE II. 


Veg., 
Non-tuf. 


mating between two tufted parents, would naturally 
expected that all the gametophytic offspring should tufted, al- 
though some apparent exceptions this rule have been found 
other experiments. may be, therefore, that the one non-tufted 
female obtained from mating (Table II.) will the course 


Non-veg., Non-veg., Veg., 
Mating 42: 
I I 2 
I Oo oO 2 
Mating 43: 
— I — I 
o 3 oO I 4 
Totals: 


VEGETATIVE CHARACTER SPHAEROCARPOS. 


time produce occasional tufted branch and thus show itself geneti- 
cally tufted. 


INTERRELATIONS CHARACTERS INHERITANCE. 


The results the crosses non-vegetative, 
tative, tufted (Table I.) are capable being explained the as- 
sumption that the appearance each atypical character (vegetative- 
ness tuftedness) dependent upon single factor. Previous re- 
sults (Allen, have suggested that factorial explanation 
the inheritance tuftedness may, least some instances, require 
the assumption two more differential factors. The number 
clones dealt with the present experiments too small throw 
additional light upon this question. However this may be, the 
totals given Table suggest linkage between vegetativeness and 
tuftedness, between certain factors affecting each these charac- 
ters; since the parental combinations (the first and fourth classes 
the table) appear among the offspring about twice frequently 
what may called the “cross-over” combinations (second and 
third classes). considering these proportions, certain possible 
errors, apart from those due random sampling, must taken into 
account particularly the likelihood that some genetically tufted clones 
may have been classed non-tufted. correction such errors, 
they occur, would shift individuals from the first the second, 
from the third the fourth class. one instance, therefore, pos- 
sible corrections would weaken, and the other would strengthen, 
the evidence for linkage. seems probable that errors classifica- 
tion have not materially affected the general nature the results, 
and that linkage really exists. The numerical relations here ap- 
pearing between the respective classes offspring (almost exactly 
may well represent very distant approximation the 
actual ratios. 

Table III. the results shown the preceding tables are sum- 
marized with reference possible relations inheritance between 
sex and vegetativeness, and betwen sex and tuftedness. the 
former case, all four matings are included; the latter, only two, 
since both parents matings and were tufted. 
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TABLE III. 


RELATION SEX VEGETATIVENESS AND TUFTEDNESS. 


Mating. Non-veg. Veg. Non-veg. Veg. 

Non-tuf. Tuf Non-tuf. Tuf 


regards sex and vegetativeness (first part Table III.), the 
parental character-combinations (first and fourth classes) are slightly 
but probably not significantly more numerous among the offspring 
than are the cross-over combinations—although, only the largest 
family considered, the discrepancy somewhat greater. There 
is, any rate, satisfactory evidence linkage between these 
characters. 

sex and tuftedness (second part Table III.), the figures 
suggest relation the reverse linkage; the cross-over classes are 
materially larger than the non-cross-over classes. Since the error 
most likely occur this connection that listing tufted clones 
non-tufted, any correction for this error among the females would 
increase the present discrepancy between non-cross-over and cross- 
over classes, and among the males would diminish the present dis- 
crepancy. The possibility such error having occurred few 
cases would not seem materially weaken the evidence offered 
the present figures. However, since linkage has been indicated be- 
tween vegetativeness and tuftedness (Table I.), expected 
that the distribution these two characters with reference sex 
would expectation which not supported the two 
parts Table III. 

earlier paper (Allen, very comparable proportions 
were obtained among the offspring tufted female mated with 
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typical male. that time the suggestion was made that the pre- 
ponderance tufted over non-tufted females might explained 
assumption the existence more than one factor for tufted- 
and that the apparent preponderance non-tufted over tufted 
males, instead the opposite condition found among females, may 
have resulted from errors classification. the light later 
studies the inheritance polyclady (Allen, 1925a, 1926), this 
explanation now seems less satisfactory. 

While final conclusions must await still more extensive results, 
the evidence interrelations the transmission parental tend- 
encies offspring presented the present paper, together with those 
indicating partial linkage between polyclady and sex (Allen, 1926), 
suggest that something other than the now widely accepted explana- 
tion linkage and may necessary account for 
these interrelations Sphaerocarpos. The notion that linkage may 
some cases result from tendency certain chromosomes re- 
main together during the reduction divisions has already been put 
forth fitting the facts Oenothera (Cleland, 1923) and Triticum 
(Malinowski, 1925), and similar hypothesis may prove workable 
here. 


DEPARTMENT 
UNIVERSITY WISCONSIN. 


LITERATURE CITED. 


1924a. Inheritance Tetrad Sibs Sphaerocarpos. Proc. 
Amer. Phil. Soc., 63: 222-235. 

1924b. Gametophytic Inheritance Sphaerocarpos Intraclonal 
Variation, and the Inheritance the Tufted Character. Genetics, 
530-587. text figs. 

——. 1925a. Gametophytic Inheritance The Poly- 
cladous Character. Genetics, 10: text figs. 

1925b. The Inheritance Pair Sporophytic Characters 
Sphaerocarpos. Genetics, 10: 72-79. 

——. 1926. The Direct Results Mendelian Segregation. Proc. Nat. 
Sci., 12: 2-7. 

1923. Chromosome Arrangements during Meiosis Cer- 
tain Oenotheras. Amer. Nat., 57: 562-566. text figs. 

1925. Sur forme des glumes des épillets 
Froment dans les croisements Triticum polonicum Tr. 
Rocz. Nauk Roln. 14. 

1925. Studies Aberrant Forms Sphaerocarpos Don- 
Amer. Jour. Bot., 12: 319-326. text figs., Pls. XXII., XXIII. 


THE MECHANISM CHEMICAL REACTIONS. 


HUGH TAYLOR. 
(Read April 22, 1926.) 


The application the Einstein Law Photochemical Equiva- 
lence photochemical reactions has resulted deeper insight into 
the mechanism chemical processes. The law postulates simple 
correspondence between the number light quanta absorbed 
reaction system and the number molecules thereby caused react. 
such studies, has shown that, for example, the de- 
composition gaseous hydrogen bromide and hydrogen iodide, two 
molecules are decomposed for every absorbed quantum. re- 
cently, this conclusion has been extended Bodenstein and Liene- 
show that this ratio reacting molecules absorbed quanta 
holds for liquid hydrogen iodide, therefore independent the 
state aggregation and also the operating temperature both 
the liquid and gaseous states. account for these experimental 
facts there are two proposed mechanisms, one due Warburg: 


the other due Stern and Volmer 


the former, dissociation into atoms postulated. the latter, 
reaction between excited molecule and normal molecule 
assumed. Both mechanisms yield the ratio between quanta and 

preuss. Akad., 746 (1911); 216 (1912); 644 (1913); 872 
314 (1916). 

Zeitschr. physik. Chem., 119, 123 (1926). 

wiss. Phot., 19, 275 (1920). 
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molecules reacting which experiment requires. decision between 
the two alternatives not yet possible, situation therefore obtain- 
ing which provocative further experimental 

analysis the photochemical combination hydrogen and 
chlorine from this standpoint revealed that, this 
case, startling deviation from the Law Photochemical Equiva- 
lence was present. calculated that, many 10° mole- 
cules hydrogen chloride could formed the result the ab- 
sorption one quantum light energy. This deviation from 
equivalence has given rise many explanations, many which 
have been thoroughly discussed The most persistent 
the explanations cited has been that Nernst who postulated pre- 
liminary dissociation chlorine light into atoms, and then 
chain reactions which sequence may represented the follow- 
ing 

2Cl, 
Cl, 


which sequence could continue until, some means other, hydro- 
gen atoms chlorine atoms were removed from the system 
means other than those involved the reaction chain recorded above. 
The most direct evidence for the possible existence such chain 
was obtained Taylor and Marshall,* who succeeded introduc- 
ing hydrogen atoms into unilluminated hydrogen-chlorine mixture 
and establishing that more hydrogen chloride was produced than 
corresponded with the hydrogen atoms employed. 

The abnormal activity hydrogen atoms thus demonstrated 
importance the problem hydrogenation catalysis the sur- 
face such metal catalysts nickel, copper, iron and platinum, 
since, has been shown and Wolfenden Prince- 
the critical potentials hydrogen presence catalytic 

Faraday Society Symposium Photochemistry, 1925. 

Taylor, Treatise Physical Chemistry, pp. 1218-1230, Van 
Nostrand Co. 

Nature, 112, 937 Marshall, Phys. 2%, 845 (1925). 


Proc. Roy. Soc., 110A, 
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nickel and copper indicate that hydrogen present the atomic 
condition such surfaces. The same true also respect 
hydrogen iron, some unpublished work Kistiakowski and 
the writer has shown. The extent which the presence hydro- 
gen atoms importance hydrogenation processes has been ap- 
proached from yet another angle Taylor and using 
hydrogen atoms produced collision excited mercury atoms and 
hydrogen molecules. this method Cario and showed 
that collisions the second kind occur between hydrogen molecules 
and mercury atoms excited the resonance radiation, 2536.7, 
emitted cooled mercury arc, hydrogen atoms thereby resulting. 
such atoms generated presence ethylene, carbon monoxide, 
oxygen, nitrous oxide, reduction these gases readily occurs. The 
rapidity with which the reaction occurs suggested the 
that chain mechanism the type met the hydrogen-chlorine 
combination was involved. Thus, the case the reduction 
ethylene, chain the type, 


might occur, the second stage the process regenerating the hydro- 
gen atom consumed the first stage. this way, yields ethane 
excess the hydrogen atoms produced collision between ex- 
cited mercury atoms and hydrogen molecules could expected. 
Thermodynamic calculations suggested that both these stages were 
spontaneously occurring processes and, therefore, thermodynamically 
possible. 

account for the rapid reaction between hydrogen and oxygen 
form water, two reaction mechanisms may written, the one in- 
volving hydrogen peroxide, 


+0, 
Journ. Phys. Chem., 29, 1140 (1925). 


Zeitschr. Physik, 11, 162 (1922). 
Trans. Farad. Soc., Symposium Photochemistry, Oxford, 1925. 
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the other involving the formation hydroxyl radical 


+0, 
O+ H,—H,0O. 


Both possibilities provide for the regeneration hydrogen atom 
the second reaction the sequence and therefore the possibility 
chain mechanism the case ethane formation. The data 
for thermodynamic analysis these two alternatives are not avail- 
able, that other methods reaching decision were necessary. 
The second alternative appears improbable since suggests that the 
affinity between oxygen and hydrogen atom greater than that 
between two oxygen atoms. the first alternative correct 
should possible demonstrate the formation hydrogen per- 
oxide intermediate stage the process. This has now been 
demonstrated Marshall passing hydrogen and oxygen mixed 
with mercury vapor through apparatus the type described re- 
cently him. Using apparatus different type, the writer 
and Mr. Bates have succeeded demonstrating that the reac- 
tion may conducted that hydrogen peroxide exclusively pro- 
duced without any water formation. The hydrogen and oxygen 
saturated with mercury vapor definite temperature are passed 
rapidly through quartz tube, cm. long and cm. diameter, main- 
tained the temperature saturation the mercury. Around the 
quartz system built cooled mercury arc whence the resonance 
radiation enters the reaction system. Table illustrates the type 
results obtained with this method operation. 

Under certain conditions gas flow and saturation concentration 
mercury vapor the condensible product hydrogen peroxide 
100 per cent. strength. Reduction the speed gas flow causes 
reduction the peroxide concentration photochemical decom- 
position with the formation water. Decomposition also occurs 
interaction with mercury with the formation water and mercuric 
oxide. These results, therefore, may regarded strong con- 
firmatory evidence the correctness the first alternative and also 
the possibility chain mechanism the interaction hydrogen 


Journ. Phys. Chem., 30, (1926). 
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atoms and oxygen. Preliminary measurements Marshall light 
energy absorbed and reaction produced confirm this conclusion. 
They indicate that least twenty molecules hydrogen disappear 
per quantum absorbed resonance radiation. The experimental 
work difficult the production mercuric oxide complicates the 
measurement light absorption. With system containing hydro- 
gen, carbon monoxide and mercury vapor the mercuric oxide not 
produced and the optical measurements are simpler. With this sys- 
tem Marshall also has found more reacting molecules than absorbed 
quanta. 


TABLE 


Liters per Hr. 


The concentration mercury vapor was always the saturation concen- 
tration 50° The arc was run volts and amperes. Each run 
lasted minutes. 


Rideal and Hirst the production hydrogen peroxide, 
from hydrogen and oxygen the presence excited mercury, evi- 
dence that the activation process consists, not the formation 
hydrogen atoms, but the production excited hydrogen molecules, 
according the 


They cite further evidence this connexion the production 
hydrazine, N,H,, from system containing nitrogen and hydrogen. 
They regard the assumption hydrogen atoms unnecessary 
all the reduction processes studied. 


Nature, (1926). 
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This attitude ignores the experimentally demonstrated presence 
hydrogen atoms systems hydrogen and mercury vapor ex- 
posed the resonance radiation mercury. Cario and Franck 
showed that atoms were present such systems low pressures 
observing illumination the effect, the adsorption 
hydrogen atoms the walls the containing vessel, with 
hydrogen atoms first pointed out Langmuir. The presence 
hydrogen atoms such illuminated mixtures further confirmed 
the experiments who showed that the illuminated 
mixtures possessed high thermal conductivity reason the pres- 
ence hydrogen atoms. 

The production hydrogen peroxide sufficient proof that 
the mechanism involves excited hydrogen molecules, since simple 
mechanism involving atoms has already been suggested alterna- 
tive, which also accounts for the high yield per quantum absorbed 
energy. Furthermore, found hydrogen atoms, 
produced Wood’s method, the passage high tension dis- 
charge through moist also give hydrogen peroxide 
admixture with oxygen. this case there can doubt that the 
reacting species consists hydrogen atoms. 

entirely independent series investigations conducted this 
laboratory Mr. Jones lend abundant support the concept 
that the reduction processes these several cases involve hydrogen 
atoms. If, the hydrogenation ethylene presence excited 
mercury atoms, the stages progress represented the sequence 


then, should possible effect the combination hydrogen and 
ethylene into the mixture these gases the free radical 
the second stage the process. If, this manner, 
ethylene both disappear excess the amount 
ethyl liberated, the possibility the chain reactions established. 


Loc. cit. 

Zeitschr. Physik., 33, 871 (1925). 
Elektrochem., 31, (1925). 
Proc. Roy. Soc., 102A, (1922). 
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The simplest method liberating free alkyl radicals into mixture 
these gases decomposition metal alkyls. sugges- 
tion, Mr. Jones has studied the behavior these gases when mer- 
cury diethyl and lead tetraethyl are decomposed their presence. 
These metal alkyls were chosen since they decompose the tempera- 
ture range, C., which hydrogen and ethylene not 
react thermally glass vessels. Furthermore, the metallic residues 
from the decomposition processes, mercury and lead, have them- 
selves feeble catalytic activity. can shown experimentally, that 
hydrogen and ethylene not combine under the conditions cited 
the presence these metals either vapor deposits. 

have shown that hydrogen and ethylene readily combine 
presence decomposing mercury diethyl lead tetraethyl. More 
hydrogen and ethylene disappear than would correspond ethyl 
groups liberated may readily seen from some the data 
Table II. The main reaction product therefore ethane; but, our 


TABLE 


Grams CC. Volume 
Metal Equiva- after Disap- 
Reaction. 


this series shows convincingly that more hydrogen and ethylene disappear 
than can correspond ethyl groups liberated. volume change occurs 
many hours heating hydrogen and ethylene with mercury alone under the 
given experimental conditions C.). 


investigations show that more complex hydrocarbons simultaneously 
result. This has been shown due reaction involving ethyl 
groups and ethylene. For, absence hydrogen, ethylene dis- 
appears when heated with decomposing mercury diethyl. Liquid 
hydrocarbons, with boiling points registering over 100° C., have been 
recovered from the reaction, but have not yet been identified. 


+ 

CC. 

Disap- 

peared. 

46.6 44.4 0.105 19.2 60.4 

49.2 49.6 57.8 89.4 33-9 

50.4 50.1 0.023 4.2 84.7 19.5 11.65 

None 95.9 50.0 80.3 

51.0 50.4 57.8 96.5 33.8 13.0 
50.2 50.8 0.388 79.8 93-9 
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evident that reactions involving, one stage, the addition 
and ethylene 


C,H, 


are here taking place. possible approach the chemistry the 
free alkyl radicles, extraordinary interest the organic chemist, 
here indicated. Their major interest the moment consists 
the fact that they supply additional confirmatory evidence the 
atomic mechanism reaction hydrogenation processes and har- 
monize observations the properties hydrogenation catalysts with 
those attained the study reactions under the influence excited 
mercury. 

One further aspect the problem may emphasised. al- 
ready stated, systems containing oxygen there removal 
mercury atoms the form mercuric oxide, that, for reproduci- 
ble working conditions, dynamic methods must replace the static 
method experiment first employed these studies. Rideal and 
Hirst have pointed out, however, the reduction reaction rate with 
time not confined systems containing oxygen but occurs also 
with the hydrogen-ethylene system. These authors therefore feel 
that the mercury vapor may shorn its activity other than 
chemical methods. That this not necessarily true has been estab- 
lished Mr. Bates Princeton who has shown that interac- 
tion occurs between mercury vapor and ethylene alone resulting 
the production volatile mercury organic compounds, not yet 
identified completely, but, apparently, the mercury alkyl type. 
the same time has been shown that part the interaction be- 
tween ethylene and mercury involves the production acetylene, the 
excited mercury acting therefore dehydrogenation agent. 
this dehydrogenation process which causes the initial increase pres- 
sure observed with excited mercury and ethylene Olsen and 
Myers their study the. polymerization ethylene and its hy- 
drogenation means excited mercury atoms. Their work low 
partial pressures confirmed operation atmospheric pressure 
practically complete disappearance the ethylene may achieved 
with the production liquid polymers. these experiments, the 


Journ. Am. Chem. Soc., 48, (1926). 


TAYLOR—THE MECHANISM CHEMICAL REACTIONS. 


characteristic odor mercury alkyls quite pronounced, again 
showing the possibility chemical interaction between ethylene and 
mercury. 


SUMMARY. 


The intervention hydrogen atoms variety reduction 
processes, especially reactions conducted presence excited mer- 
cury vapor, has been substantiated the results experiments 

(a) The production hydrogen peroxide from hydrogen-oxygen 
mixtures. 

(b) The ratio molecules reacting quanta absorbed. 
least twenty molecules hydrogen disappear per quantum absorbed 

(c) The sensitization reaction between hydrogen and ethylene 
thermal decomposition metal alkyls. 


q 
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THE FLASH SPECTRUM OBSERVED THE 1925 
ECLIPSE. 


MITCHELL. 
(Read April 23, 1926.) 


The tremendous popular interest aroused the total eclipse 
January 24, 1925, still fresh the minds each and every one 
us. estimated that least ten million people were given the 
opportunity witnessing the gorgeous phenomenon. The great 
newspapers the metropolitan district assert that single event 
the past decade has aroused such widespread enthusiasm. total- 
ity lasted for the brief time two minutes less, and the scien- 
tific investigations were nearly all crowded within the period the 
total phase the eclipse, certain that single event the his- 
tory man has had many words, per minute duration the 
event, written about has been the case with the recent eclipse. 

Ordinarily eclipse the most important the scientific prob- 
lems are attacked means the spectroscope. prism glass 
breaks light into its colors, forming spectrum. The spectrum 
produced also grating. This made ruling with fine 
diamond point metallic reflecting surface speculum metal 
lines parallel and equidistant, many thousands each inch. the 
rulings are made plane surface have plane grating. 
form spectrum lens must used connection with such grat- 
ing. the diamond point rules spherical concave mirror, con- 
cave grating the result and the lens can dispensed with. 

the light examined feeble, the case stellar in- 
vestigations, prism generally employed. With the brightest 
the stars and the largest telescopes, second third prism (never 
more than three) may utilized increase the dispersion 
lengthen out the spectrum. 

there sufficient light, with the sun under ordinary con- 
ditions, and high degree precision necessary, then spectrum 
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required greatly increased length over that possible with prisms 
with the consequent result that concave grating nearly always 
used for solar investigations. 

With the uneclipsed sun slit necessary and the spectrum con- 
sists many thousands dark lines, each image the 
superposed bright ribbon light the spectrum colors. The 
enigma these dark lines discovered Fraunhofer 1814 became 
understood 1859 the formulation Kirchhoff’s laws. The 
greatest triumphs modern astronomy are connected with the use 
the spectroscope. The dark Fraunhofer lines the ordinary 
solar spectrum permit know the materials that make 
the sun. know the constitution the sun with much cer- 
tainty had representative piece and could make 
refined analysis one our best chemical laboratories. 

eclipse time the spectroscope can employed investigate 
the hot gases that form the sun’s true atmosphere, the chromosphere, 
called the astronomer, and also try and discover the 
constitution the far-flung and feeble corona. account the 
much greater strength its light, possible use with the 
chromosphere much higher dispersion than possible with the 
corona. 

The chromosphere was first investigated eclipse the year 
1868 and result helium was discovered, twenty-seven years before 
was isolated chemical laboratory the celebrated Ramsay. 
Before the eclipse 1870, Professor Young Dartmouth foretold 
the discovery the flash spectrum.” 

The dark lines the ordinary solar spectrum are caused the 
absorption light from the hot solar surface the relatively 
cooler gases that surround the sun. the partial eclipse progresses, 
and long there the smallest portion the sun’s surface 
visible, the spectrum the dark-lined spectrum. the instant 
totality the bright background the sun covered the moon. 
The gases the point where was seen the last vestige the sun 
are not yet covered the advancing moon, and these gases are 
very high temperature, they give their spectrum which consists 
bright lines dark background. the very instant totality 
there sudden change the appearance the spectrum, for where 
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there were formerly dark lines bright background they have now 
changed bright lines dark background. The change 
sudden one, the bright lines flashing out quickly that Young, 
whose eye 1870 was the first witness it, called the appearance 
the flash spectrum.” This lasts only about three seconds while the 
moon advancing over relatively shallow layer. second ap- 
pearance the flash spectrum seen the end the phase. 

The flash spectrum was first photographed the eclipse 1893, 
and gratings were first employed the eclipse 1900. The best 
photograph date the flash spectrum was obtained 1905. 

The writer this article has confined his investigations eclipses 
almost exclusively the photographs the flash spectrum. All 
the instruments used him 1925 were kindly loaned the 
United States government except the concave grating itself. This 
was four inches aperture, ruled with 15,000 lines the inch and 
was kindly loaned Professor Saunders Harvard Uni- 
versity. The same grating was successfully employed 1905 
Spain. the time the eclipse, light from the sun fell upon 
plane mirror mounted ccelostat, and this the light was re- 
flected directly onto the concave grating which changed the incident 
light into spectrum and brought focus the photographic 
plate. 

slit was necessary for the reason that the atmosphere the 
sun the point investigation very thin. the distance 
are from the sun the shallow layer becomes almost mathematical 
line. The flash spectrum consists number cusps, each 
colored image the heated gases the solar atmosphere. meas- 
urement the length the cusp parallel the solar surface readily 
affords knowledge the height miles that each solar vapor 
ascends above the surface the sun. The flash spectrum thus gives 
information regarding the physical constitution the gases making 
the sun’s atmosphere but also gives the heights which these 
vapors ascend. There other method yet known science that 
permits knowledge these solar heights—and herein lies one 
the most important problems investigated the eclipse 
astronomer. 

The sun the nearest the fixed stars, and the only star 
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which permits examine its atmosphere detail the time 
total eclipse. knowledge the heights attained the solar 
vapors gives information regarding the pressures under which the 
spectroscopic lines take their origin. very reduced pressures 
the sun’s chromosphere and the high temperature found there 
readily possible for atom lose external electron and become 
ionized. The spectrum the ionized atom differs very much from 
that the neutral atom which has not lost electron. the ion- 
ized spectrum certain lines are enhanced intensity and these are 
the lines which are stronger the spectrum the electric spark 
than the electric arc. Knowledge these things the very 
greatest importance furthering our knowledge the chemical 
atom, quest which astronomy, physics and chemistry are vitally 
interested. 


very thrilling portion the life astronomer take 
long trip, sometimes the ends the earth, make observations 
during the few excited moments totality. The writer has traveled 
50,000 miles observe total eclipses the sun. this his sixth 


eclipse regards himself very fortunate that the moon’s shadow 
passed over the Van Vleck Observatory Middletown, Conn. There 
his friend Professor Frederick Slocum director. Instead being 
obliged live discomfort eclipse camp small hotel 
foreign soil was the guest the comfortable home Professor 
and Mrs. Slocum. Instead having rely entirely one’s self 
for all the tools and instruments with which erect and adjust the 
spectroscopes for the eclipse, well-appointed observatory, splen- 
didly equipped physics laboratory and machine shop were dis- 
posal and every assistance needed was generously given. The focus- 
ing the concave grating that the ccelostat mirror and concave 
grating are adjusted for parallel light very difficult and all- 
important task. Unless the focus the very best, unless the 
atmospheric conditions seeing and transparency are the very 
finest, unless the exposures the eclipse are timed with the greatest 
nicety, the resulting photographs the flash spectrum will not 
the best quality—and the present day eclipse work anything 
short the very best will bring little increase our knowledge 
the sun. 
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eclipse work have had the best success focusing the grat- 
ing spectroscope the employment collimator, which slit 
arranged between two concave mirrors order give parallel 
beam light from slit source. The apparatus was adjusted the 
basement the Van Vleck Observatory means the collimator 
and electric arc using Sperry carbons which give spectra rich 
lines throughout the whole range wave-length. Photographs for 
focus showing exquisite definition were secured. the day before 
the eclipse the large box holding the grating position and the ad- 
justed plate-holder was carried carefully into the temporary shelter 
located the outside the dome the 20-inch refractor. 
though the focus was carefully and satisfactorily obtained, there 
was one fear ever present. How would the great change tem- 
perature affect the curvature and the focal length the grating and 
the whole adjustment the apparatus? had never before observed 
total eclipse with winter conditions. the observatory the tem- 
perature the room where the adjustments were carried out was 
about 70° eclipse morning the minimum temperature was 
below zero and the time the eclipse hovered around the zero 
point. Time did not permit test focus under the altered con- 
ditions temperature—and there was nothing but 
optimist and hope for the best. 

What dejected crowd astronomers were eight 
eclipse morning when had gathered the Van Vleck Observa- 
tory observe first contact,” the beginning the eclipse. There 
was nothing but clouds everywhere! 

quarter hour later ray hope appeared, there was 
blue streak sky low down the northwest—and the clouds were 
coming from that quarter. Would clear off time? Luck was 
with us. Fifteen minutes before totality the sun broke through the 
clouds. With the assistance colleague Dr. Harold Alden, 
the final adjustments were made the instruments. Five minutes 
before totality each observer was his station and waited 
great expectation. cloud, very thin and very fleecy, now hung 
over the sun. was not thick enough much damage and 
was moving slowly. hoped too would go. When the timers 


called out Two minutes,” the cloud was almost gone. now 
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was beginning get quite dark, weird and unnatural pall coming 
over the landscape. The observers outside noted shadow bands 
flickering over the snow. one minute before totality, with the 
thin crescent the sun growing very small the atmospheric condi- 
tions seemed perfect, the thin cloud had gone! 

The signal rang out. Everything was hushed 
while waited for the zero hour, the beginning totality. 
right hand had pair binoculars over the right glass which 
was grating for observing the flash spectrum visually. When 
saw flash out, gave the signal, totality had begun; and 
with left hand opened the shutter begin the first exposure. 

had planned take six photographs during totality which was 
expected last 112 seconds. assistants did their work well 
that everything passed off without single hitch. 

Measurements the flash spectrum give information three 
different kinds: (1) wave-lengths the spectral lines; (2) intensi- 
ties the lines; and (3) the heights which the vapors ascend 
above the solar surface. The eclipse spectra 1905 showed that 
there are systematic differences wave-length from those ex- 
hibited the ordinary solar spectrum. Wave-lengths eclipse 
spectra are needed mainly for purposes identification for deriving 
the source the lines. Heights and intensities are the very 
greatest importance. was from the 1905 eclipse spectra that 
Saha’s valuable theory ionization was confirmed experimentally. 
The greatest height the chromosphere attained the ionized 
lines and calcium, which rise elevation 14,000 kms. 
above the surface the sun. The red hydrogen line reaches 
slightly less elevation 12,000 kms. The details the flash spec- 
trum which extends from wave-length 3200 the violet about 
7500 the red will published later date. 
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THE PLEISTOCENE GLACIAL STAGES: WERE THERE 
MORE THAN FOUR?? 


FRANK LEVERETT, 
Ann Arbor, Mich. 


(Read April 23, 1926.) 


has been about years since the pioneer workers glacial 
Orton, and Winchell, brought out evidence that the Pleistocene 
Ice Age was not one continuous cold climate, but was broken 
long periods relatively warm climate, whose fossils show condi- 
tions temperate now prevail. Chamberlin brought notice 
relatively young drift with definite terminal moraine, lying back 
places considerable distance from the limits the glacial deposits, 
and pointed out that the outlying, extra-morainic drift, showed 
evidence markedly greater age. his principal paper, the 
Third Annual Report the Geological Survey, described 
the outer moraine the younger drift the terminal moraine 
the second glacial epoch,” thus throwing into single glacial stage all 
the drift outside and beneath the drift this epoch. about the 
same time McGee, working Iowa, the extra-morainic area, 
found evidence buried soil between two tills, that there was need 
for the recognition two distinct glacial stages, with intervening 
warm climate stage. Winchell, also, about the same time, brought 
out evidence similar character southeastern Minnesota and 
recognized two distinct drift sheets outside the terminal moraine 
the last glaciation, while Newberry and Orton found buried soils 
both inside and outside that moraine Ohio. Thus the 
drift came recognized the basis topographic youth, while 
the others were differentiated stratigraphic basis. 

studies progressed soon became evident that the top drift 
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the extra-morainic district displays marked contrasts the degree 
erosion and weathering, inconsistent with its reference single 
glacial stage. the uppermost till southern Iowa was found 
studies carried the writer show markedly greater erosion 
than the uppermost till southeastern Iowa and western 
where proximity the main drainage artery (Mississippi River) 
seems favor rapid erosion. This drift was found have definite 
terminal moraine its western border, and the ice sheet which 
formed covered the Mississippi Valley between Clinton and Fort 
Madison, causing the river take temporary course across south- 
eastern outside the moraine. buried soil was also found 
separate this drift from the underlying drift, this underlying drift 
being the surface till the district outside. The four drifts thus 
differentiated are declared type and age, and are considered 
all students who have had opportunity investigate them. Another 
differentiation the drifts northeastern Iowa discussed below, 
their relations being problematical. 

The oldest drift, which underlies the buried soil noted McGee 
and Winchell, has but slight exposure the type areas outside the 
second drift, its degree erosion not well shown. But long 
interglacial stage between these tills shown deep weathering 
the upper part the lower till, developing what known gum- 
botil, well the soil noted McGee and Winchell. drift 
New Jersey and eastern Pennsylvania, which tentatively regarded 
the age the lower till the western district and thought 
glacialists familiar with both districts show great degree 
erosion, thus supplements the evidence from weathering. The name 
Jerseyan applied the old drift New Jersey, and this name 
may eventually extended the oldest drift the interior. The 
latter drift has already carried succession names—Kansan, sub- 
Aftonian, and more recently Nebraskan. The interglacial stage be- 
tween and the second glacial stage known the Aftonian. The 
drift the second glacial stage was found extend into Kansas 
and has come widely known Kansan, while the third drift, 
because wide exposure known the The 
soil and weathered zone between and the second drift known 
the Yarmouth. gumbotil was developed the Yarmouth stage 
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such depth show that that stage was one great length, perhaps 
even exceeding length the Aftonian interglacial stage. The next 
drift northeastern Iowa known the Iowan. The drift the 
latest glacial stage known the Wisconsin, because first clearly 
recognized that State through the investigations Chamberlin. 
The weathered zone developed the Illinoian known the 
Sangamon. There moderate development gumbotil where the 
surface flat and drainage was imperfect, but much less con- 
spicuous feature than that developed the Kansan drift. Between 
the Illinoian and Wisconsin drifts there also comes the main loess 
deposit. rests upon the weathered surface the drift, 
and passes under the outer moraine the Wisconsin 
deposition appears have preceded the culmination the Wisconsin 
glaciation only short interval, its surface where exposed 
beneath the Wisconsin drift shows but slight amount leaching 
and weathering. 

The contrast age the Kansan, and Wisconsin drifts 
clearly shown the degree erosion, brought out topogra- 
phic maps the Geological Survey. Thus the map the 
Milo, quadrangle southern Iowa shows the great erosion 
suffered the Kansan drift. Scarcely one tenth the original 
surface the drift preserved, the rest being valley slopes and 
valley bottoms. has been estimated member the 
Geological Survey that the amount drift re- 
quired fill the valleys fully 


maps here named, Milo Vermont West Colum- 
bus (Ohio), and Defiance (Ohio), were shown connection with the read- 
ing the paper illustrate the contrast erosion Kansan drift, 
drift, Wisconsin drift, and the bed the glacial lake the Erie Basin, and 
the Pleistocene map New Jersey accompanying Salisbury’s report (Geol. 
Surv. New Jersey, Vol. V., Pl. XXVIII.) show the great erosion suf- 
fered the Jerseyan, oldest drift. the maps are easily obtained 
those interested, either libraries, from the Geol. Survey, seems 
inadvisable incur the large expense their reproduction here. There are. 
several other mapped quadrangles each the drifts, Kansan, and 
Wisconsin, that will illustrate well those named, the relative degree 
erosion. Thus for the Kansan drift the Chariton, Knoxville, Melcher and 
Pella, southern Iowa, and the Atlanta, Braymer, Clarksdale, Gallatin, 
Macon, Maysville, Pattonsburg, Plattsburg, and Winston, northern 
Missouri, are among the recently surveyed quadrangles which portray well 
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Turning now the Vermont quadrangle western 
where the seems have been subjected comparable con- 
ditions except those length time exposure, may seen that 
nearly half the original surface the drift preserved and that the 
valley slopes are very narrow and bluffs much steeper than the 
Kansan drift. estimated that the time required carry erosion 
here the degree experienced the Kansan drift would con- 
siderably longer than has been required develop the present erosion 
features. Some glacialists would put not less than three times 
long. The amount material required fill the valleys the 
drift estimated the writer less than one third 
much that for filling the valleys the Kansan. The 
drift apparently falls the last quarter the Pleistocene Ice Age, 
and thus classed one the younger drifts. moraines 
and other glacial features are well defined and relatively well pre- 
served, which not the case the older drifts. Turning the map 
that has been selected illustrate the degree erosion the Wis- 
consin drift, the new West Columbus, Ohio, quadrangle, will 
seen that valley cutting very youthful stage, with parallel 
streams that show few branches. Another map, the Defiance, Ohio, 
quadrangle, represents erosion the bed the glacial lake the 
Maumee basin. The lake waters were drawn off from this district 
and its erosion started several thousand years later than the time 
when the ice melted from the Columbus district and erosion started 
there. Time estimates based the recession Niagara Falls give 
the falls period about 25,000 years. The lake plain was drained 
and erosion started few thousand years earlier. all prob- 
ability period 30,000 years involved developing this very 
the degree erosion. There are more than twenty quadrangles western 
Illinois which well the Vermont quadrangle the degree 
erosion the drift. They include the Avon, Beardstown, Canton, 
Carlinville, Colchester, Divernon, Edgington, Gillespie, Goodhope, Havana, 
Laharpe, Macomb, Milan, Monmouth, Mount Olive, Raymond, Springfield, 
Talula and Taylorville. Many the surveyed quadrangles the Wisconsin 
drift are complicated moraines and other constructional features that 
wide areas till plain like those the earlier drifts are not common. But 
the East Columbus, West Delaware, and Dublin, Ohio, and the 


Fort Dodge, Lehigh, and Slater, maps are largely plain and set 
forth well the slight degree erosion the Wisconsin drift. 
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youthful degree erosion, while the Columbus district probably has 
had not less than 40,000 years. comparison this stream work 
with that the drift makes apparent that the latter has 
had least three times long period the Wisconsin. 
ists have given the age least 150,000 years, and the 
Kansan fully half million years. Their estimates have been based 
degree weathering well erosion. 

passing, noted that there striking parallelism between 
the four drifts North America, just noted, and the series drifts 
Europe. the Alps two very old drifts are present, which 
respect weathering and erosion are similar the two old drifts 
this country. There are two markedly younger drifts, differing from 
each other weathering and erosion about our and Wis- 
consin drifts and showing similar preservation moraines and other 
glacial features. northern Europe two old drifts are present 
which bear similar evidence age the two old drifts the Alps 
and North America. There are also two younger drifts which 
moraines and other glacial topographic features are well defined 
our and Wisconsin drifts. The main loess deposits 
both districts are also between the third and fourth drifts, they 
are here between the and Wisconsin drifts. the classi- 
fication northern European glacial formations given James 
Geikie, six glacial stages are presented, but the last two now appear 
only the later phases substages the last glacial stage. The 
conditions are similar the last Wisconsin America. 
This divisible into early, middle, and late Wisconsin substages. 
not thought that these are separated warm climate substages, 
such separate the four glacial stages. They are regarded merely 
times marked readvance the ice border, following times 
considerable recession. 

now turn from the consideration these four drifts de- 
clared type and age, concerning which there general unanimity 
opinion, one which has been subject dispute and disagreement 
almost from the time was differentiated. refer the lowan 
drift northeastern Iowa and its probable correlatives. The Iowan 
drift was differentiated from the underlying Kansan drift Samuel 
Calvin and his associates the Iowa Geological Survey the 
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and descriptions appear county reports that Survey. 
represented relatively thin deposit blanketing the eroded and 
weathered Kansan, but insufficient thickness conceal the erosion 
features that drift. The main drainage lines the Iowan drift 
are thought follow the courses that had been developed drain- 
age the Kansan drift. represented have decidedly 
fresher aspect than the Kansan drift, and show remarkably little 
leaching, the expression calcareous the grass being used 
indicate this feature. The Iowan drift thus stands the third 
drift the western part the glaciated district, the 
does for the eastern part. But has not been correlated with the 
the persons who differentiated from the 
stead has been given close connection with the main loess deposit, 
and separated from the the Sangamon interglacial stage. 


‘ 


The Iowan drift and loess have also been regarded these students 
pre-Wisconsin age, for indicated above the underlies 
the outer moraine the Wisconsin drift has also 
been found beneath the Wisconsin central Iowa. granted 
that the Iowan drift stands for glacial stage between the 
and Wisconsin stages, there were five glacial stages America. The 
drift also commonly interpreted was laid down very 
close juxtaposition with the loess. This interpretation carries with 
the implication that the loess pertains glacial stage, though its 
fauna seems show temperate climate during its deposition. 

was the prevalent opinion the time the Iowan drift was dif- 
ferentiated, that the main loess deposit was laid down water lanes 
between tongues ice, graphically pictured McGee his 
classic paper northeastern Iowa the Eleventh Annual Report 
the Geological Survey. consequence the Iowan drift 
was made occupy the tracts where loess thin wanting and not 
present where the loess thick. This mapping now known 
incorrect, and the real limits the Iowan drift are yet deter- 
mined. The loess now interpreted good grounds wind 
deposit, and not glacial outwash. carries land fossils tem- 
perate climate species, which seem inconsistent with the reference 
the loess glacial stage. While the view held the 1890’s made 
the loess full correlative the Iowan drift, Calvin his latest 
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writings made close successor, laid down the Iowan ice was 
melting. This view adopted Alden and Leighton special 
report the Iowan drift the 1915 Annual Report the Iowa 
Geological Survey. The pertinence this view now question. 
The drift carries features suggesting that was deposited long 
before the time the main loess deposition. 

the Iowan area the till has but little surface exposure, being 
generally covered feet wind-deposited loamy material. 
Because this covering but little was known the character the 
till surface until recent extensive grading highways gave oppor- 
tunity study it. had been noted the present writer, and also 
Alden and Leighton, that pebbly concentrate places present 
beneath the surface loam indicating erosion the till before the 
deposition the loam. But was not realized that this the com- 
mon condition the till surface. trip over the Iowan area 
1925, company with State Geologist Kay and others, was taken 
the writer back and forth over several newly graded highways, and 
found that the concentrate conspicuous nearly every hillside 
slope. The pebbles are scattered over the crown the ridges, but 
more abundant one passes down the slope. Judging from the few 
coarse stones embedded the till, was the writer’s impression that 
this concentrate represents several feet erosion. Alden and 
Leighton, the report above cited, have suggested that this con- 
centrate mainly product wind action, and that was more 
rapidly developed than ordinary slope wash. this point, how- 
ever, they bring supporting evidence. The stronger development 
the lower part the slopes than the crown the ridges 
keeping with development slope wash. The wind action should 
have the greatest effect the most exposed part, near the crown 
the ridge. also question whether wind action would develop 
such concentrate rapidly slope wash under conditions 
climate such this region has experienced. How varied these con- 
ditions have been matter which further light needed. 

The possibility that this concentrate Kansan drift instead 
Iowan was given due consideration the field and decided the 
negative. The drift under the concentrate presents the moderately 
weathered aspect the Iowan, and lacks the deep weathering char- 
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acteristic the Kansan drift. result this trip the writer was 
more fully convinced than before the presence definite sheet 
post-Kansan drift the type area the Iowan, though there 
represented only scattered boulders. The drift where aggregated 
kames gravelly knolls may reach thickness feet, 
but the plain areas where composed clayey till rarely 
exceeds feet. The Kansan gumbotil beneath was noted 
number places. 

The Iowan drift seems become thinner and more patchy 
passing northward into the northern tier counties Iowa and 
the neighboring part Minnesota. distance miles the 
southern townships Mower County, Minn., neither the writer nor 
any member the party the trip 1925 was able find single 
exposure Iowan drift, unless represented few boulders 
scattered over the Kansan drift surface. But there are strips 
gravelly drift southern Minnesota which material fresh enough 
classed Iowan present. Other gravels show complete 
leaching depth several feet. The logical interpretation seems 
that two drifts widely different age are each represented 
gravel deposits, and the younger tentatively referred the 
similar dwindling the Illinoian drift sheet was noted the past 
season studies the east side the Scioto lobe Ohio. From 
the latitude Columbus northward the drift reduced 
scattered boulders and occasional small patches till, but the 
south this latitude gradually increases amount and becomes 
heavy deposit near the southern end the lobe. The deficiency 
the northern part the lobe seems referable inactivity the 
ice sheet both Ohio and Minnesota. That part may have re- 
ceived less nourishment than parts the south. 

Aside from the type area, there appears Iowan drift ex- 
posed west the Des Moines lobe Wisconsin drift north- 
western Iowa and neighboring parts Minnesota and South Dakota. 
probably underlies the Wisconsin drift the Des Moines lobe 
between the two areas exposure, but yet has not been noted. 
This western area has definite moraine, places feet high, 
along much its border for distance 200 miles, from Florence, 
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Dak., Odebolt, Both the north and the south passes 
under the Wisconsin drift. also conspicuous amount 
outwash sand and gravel along the border, and gravelly knolls are 
not infrequent the moraine. These features seem indicate con- 
siderable activity ice movement and drainage. This perhaps due 
nourishment winds from the west, which rising the ice 
lobe became cooled and precipitated their moisture snow. 

Inside the terminal moraine this drift seems very scanty, 
much that certain members the Geological Survey have 
expressed doubt post-Kansan ice invasion this district. Over 
wide areas the post-Kansan erosion features show but little modi- 
fication this later ice invasion. Here and there few knolls have 
been dumped the post-Kansan valleys, but the valleys are generally 
not noticeably obstructed the later drift. drift was included 
the Wisconsin Leverett and Sardeson their report Bul- 
letin the Minnesota Geological Survey. But later studies 
Leverett brought out evidence deeper weathering than seems con- 
sistent with Wisconsin age. The portion this drift carries 
coating loess which seems have antedated the Wisconsin ice 
invasion. The loess several feet thick but becomes re- 
duced only two three feet Minnesota and does not form 
continuous coating the south. Exposures along the outer 
moraine near Sheldon show older loess beneath the post-Kansan 
drift, which tentatively referred the Loveland clay, widely ex- 
posed southwestern Iowa and neighboring parts Missouri and 
Nebraska. 

The present writer interpreted thin drift northwestern 
nois Iowan and described under this name Monograph 38, 
Geological Survey, published 1899. But later studies have 
led him interpret part early Wisconsin age. similar 
view has been expressed Leighton, though the limits places 
differ somewhat from those the writer. The occurrence drift 
that district referable glacial stage between the and 
the Wisconsin now considered the writer improbable. The 
drift which the name Iowan thus restricted lies wholly within 
the limits what has been termed the Keewatin field glaciation. 
Some explanation seems necessary the significance 
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attached the terms Labrador, Patrician, and Keewatin, applied 
parts the Laurentide area glaciation. some the dis- 
cussions these parts the idea seems presented that each dis- 
trict furnished independent field ice accumulation and radia- 
tion. While possible that the closing part the ice retreat 
there may have been separate dispersion areas these districts, and 
while similar conditions may have affected the early stages genera- 
tion the great ice cap, there substantial evidence confluence 
the culmination the glacial stages, with confluent field con- 
trol the direction ice movement. The writer’s studies the 
north-central states have shown clearly that the ice sheet the Wis- 
consin stage glaciation made great growth westward from the 
Labrador peninsula and had late culmination the western part 
the Laurentide area. This supports early view Chamberlin, 
brought out the controversy the cause the Driftless Area, 
that arose the 1870’s, for regarded the Dakota lobe and the Des 
Moines lobe roundabout derivatives from the common ice mass 
north the Great Lakes. now known that the early part 
the Wisconsin glacial stage there was southwestward ice movement 
from the Labrador peninsula far central Illinois, and this formed 
the early Wisconsin moraines. the middle part the Wisconsin 
stage there was southward ice movement from the Patrician dis- 
trict south Hudson Bay across the Great Lakes basins. There 
was that time extensive southwest movement from the Superior 
basin that deposited the red drift eastern Minnesota. Following 
this the strong flow from the Keewatin district central Canada 
brought the gray limestone-bearing drift that overlies the red drift 
eastern Minnesota. The culmination the movement into the 
Dakotas and Iowa appears date from this late part the Wis- 
consin stage. this time the ice from the Labrador peninsula 
barely filled the Ontario, Huron, and Superior basins, and was form- 
ing the Port Huron morainic system. The Labrador part thus had 
shrinkage measured hundreds miles. But the shrink- 
age this part seems have been due lack snowfall rather 
than amelioration the climate. thought that the western 
districts were being nourished the expense the eastern, the 
ice sheet expanded the west. The time required for the expansion 
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above outlined must involve some thousands years, and has been 
found that the early Wisconsin moraines are perceptibly older than 
the late Wisconsin, shown the toning down the surface con- 
tours and degree weathering. 

now becomes interest inquire into the method growth 
the ice sheet, and see whether was similar that 
the Wisconsin. this stage find that the earliest movement was 
southwestward from the Labrador peninsula the full limits the 
Illinoian drift western and southeastern Iowa, and that its 
limits are roughly concentric with those the early Wisconsin drift. 
appears also that this was succeeded southward movement 
through the Lake Michigan basin that extended over much eastern 
Illinois and western Indiana, and whose western limits are found 
the system morainic ridges bordering the Kaskaskia Valley. This 
movement seems mark middle correspond the 
middle Wisconsin movement. seems but natural that westward 
growth such know affected the Wisconsin ice sheet should also 
have occurred the Illinoian stage and given the ice movement into 
Iowa that brought the Iowan drift. 

The lack gumbotil the Iowan drift has been cited Kay, 
and also Leighton, conferences with the writer, evidence 
that not correlated with the drift, which some 
gumbotil has been developed. The point would stronger the 
gumbotil were not largely dependent upon summit flats, and the 
had not inherited good drainage slopes, which, above noted, 
have favored the development conspicuous pebbly concentrate. 
northeastern Iowa slope toward the Mississippi favored rapid 
erosion both the Kansan and the Iowan, while northwestern 
Iowa and southwestern Minnesota equally well defined general 
slope toward the Big Sioux and the Missouri valleys found. 
that district the gumbotil wanting the Kansan well the 
Iowan drift. 

view all the features the Iowan drift, taken connection 
with the fact that stands the third drift the western district, 
the Illinoian does the eastern, and that each district has but 
four drifts, the writer raises the question whether there really were 


more than four Pleistocene glacial stages North America, 
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whether the drift should regarded late phase the 
third glacial stage. Features the Iowan drift and its relation 
the loess seem demand further critical field study. 

remains say few words concerning the studies now 
progress which look toward better understanding the eastern 
equivalents the western series drifts this country, and espe- 
cially the equivalents the first and second drifts. Reference has 
already been made the Jerseyan drift the Atlantic coast 
probable equivalent the oldest drift the western field. very 
old drift, which tentatively correlated with the Jerseyan, has been 
noted various places beneath the drift far southwest 
southern and outside the limits the drift 
southeastern Missouri. old that the clay has become kaolin- 
ized marked degree. This drift appears represented 
very deeply weathered drift beneath the drift Covington, 
Ky., which was first noted Chamberlin and Salisbury some 
years ago drift great age. Scattered erratics, including 
boulders large size, have recently been found eastern Kentucky, 
distances miles outside the well-defined till deposits and 
altitudes that seem difficult bring them within the reach 
ponded waters such are known have occupied parts the dis- 
trict which they occur. These may prove early glacial 
age, and all that left whatever drift was laid down. Their 
derivation, determined members the Canadian Geological 
Survey, seems have been from the vicinity Ottawa. The 
erratics found the old drift southeastern Missouri include 
Huronian quartzites from east the Superior basin. both cases 
they seem show southwestward movement from the direction 
the Labrador peninsula, similar the early and the early 
Wisconsin movements, and similar extent the move- 
ment. 

There old drift exposed northwestern Pennsylvania which 
has more advanced degree weathering and greater erosion than 
the Illinoian drift, but whether correlative the Jerseyan 
drift remains determined. The writer plans make careful 
study this drift and the Jerseyan the coming field season, with 
view clearing their relative ages. studies pursued the 
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1890’s the writer came think that the degree preservation 
favored Kansan rather than Jerseyan age, but the Jerseyan was not 
carefully studied him that time and the inference may prove in- 
correct. There are outlying boulders western Pennsylvania, 
the vicinity Pittsburgh, that may prove Jerseyan, the 
better defined sheet drift farther north not. 

Data ice movements furnished the distribution copper 
and copper-bearing rocks the drift indicate that some time prior 
the glacial stage there was southward movement from 
the Superior basin through the Huron basin into central Ohio. This 
out harmony with the early southwestward movement into 
southeastern Missouri, well with the ice movement, 
suggest different glacial stage, presumably the Kansan stage. 
Such interpretation will strengthened the old drift north- 
western Pennsylvania proves Kansan age. 

The Illinoian drift exposed outside the Wisconsin from central 
Ohio westward, but the east may have been completely over- 
ridden the later ice movement. thought Fuller rep- 
resented the deposits Long Island and may have slight ex- 
posure New Jersey, immediately outside the Wisconsin drift. The 
drift was reported Salisbury have less aged appearance there 
than the south. This matter will given attention the coming 
field season. Search will also made for exposures 
drift Pennsylvania. Its limits eastern Ohio can not far 
inside the border the Wisconsin drift, for gravel trains from 
are found along the valleys eastern Ohio and along the Ohio below 
the mouth Beaver River. 

Summing the evidence from the eastern district, appears 
that the first and second drifts have only scanty exposure outside the 
limits the later drifts, compared with the exposure the Kansan 
the western district. One drift, thought the Jerseyan, has 
similar extent the drift and referable similar 
direction ice movement. The Kansan may exposed north- 
western Pennsylvania, but elsewhere this eastern district seems 
completely covered later drifts. may have been brought 
into this district from the north ice movement that out 
harmony with the movement the three other glacial stages, which 
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seems have been from the northeast. Finally, the limits the 
Illinoian drift, from central Ohio eastward, may not greatly dif- 
ferent from those the Wisconsin. 

suggestion the cause for the much greater extension 
the ice sheet the western district the first and second stages than 
the later ones here offered, though recognized difficult 
demonstrate. probably depended upon better relation 
moisture-laden winds. the Cordilleran ranges stood relatively 
low early Pleistocene time, seems probable, the ice sheet may 
have been more bountifully nourished the moist winds from the 
Pacific than the late Pleistocene, and thus have had the greater 
extension these stages. 


recent extremely valuable book Prof. Coleman, en- 
titled “Ice Ages, Recent and Ancient,” which deals with each the several 
glacial periods, far back the Huronian, contains few statements con- 
cerning the relation the Keewatin and Labrador parts the Laurentide 
ice sheet which are not harmony with the interpretations given this paper. 
Thus, 16, Coleman says: The Labrador ice sheet probably began later 
than the Keewatin ice sheet, but was existence when the latter reached its 
maximum dimensions and then coalesced with it.” But supporting evi- 
dence presented Coleman, and the present writer knows nothing that 
will bring support this view. fact, all the evidence seems support 
the view that the Labrador ice sheet was the first become prominent. 
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THE PRESENT CONDITION KNOWLEDGE THE 
COMPOSITION METEORITES. 


GEORGE MERRILL. 
(Read April 24, 1926.) 


For number years the writer has been devoting portion 
his time the study meteorites with reference their composi- 
tion, both mineralogical and chemical, and their structure. all 
cases especial attention has been devoted the presence—or absence 
—of sundry elements heretofore reported, and such structural 
peculiarities may ascribed secondary causes. The results 
here given relate mainly composition and are not wholly own, 
but the brief time disposal shall not attempt discriminate. 

now but little over 100 years since the German, 
placed the study meteorites truly scientific basis, 
establishing beyond question their ultra terrestrial origin. Since his 
time chemists and mineralogists have made abundant contributions 
the problem, and produced means inconsiderable literature. 
may readily comprehended any who have kept track the 
advances the sciences—particularly chemistry and mineralogy— 
the early analyses and mineral determinations were poor. Analyti- 
cal methods were imperfect and chemicals were means 
condition desirable purity. Indeed, was not until the introduc- 
tion the microscope—until the modern method micro-petrology 
was developed—that satisfactory results were achieved. One great 
drawback, even since this introduction, the tendency the part 
the collectors hold the material precious that not enough can 
made available for study. Meteorites, order gratify these 
collectors, have been divided and subdivided until often one col- 
lection holds enough for full and satisfactory investigation. was 
the absurdity the situation thus stated, that led formulate 
the following suggestive feelings: would rather not have 
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thing, and know what have not than have and not know what 
have. Analyses have been published which were made less than 
gram material and with assurance that this was representa- 
tive. will noted later, going through the entire literature 
was able find only about 100 analyses meteoric stones which 
were sufficiently accurate and complete warrant their utilization 
the tables shall show. 

Very early studies was struck the fact that while the 
meteoric stone belongs very basic group rocks—mainly peri- 
dotites, with few pyroxenites and some that might classed 
analyses showed frequently the presence ele- 
ments that had never been reported from this class terrestrial 
rocks and which from what known mineral association one would 
scarcely expect. was then with view settling this doubtful 
question that first investigations were undertaken. Whenever 
was possible samples were obtained from the identical stones which 
these doubtful elements were reported, well from others which 
had never before been analyzed. Thin sections were cut and studied 
and particular pains taken select for the chemical analyses ma- 
terial that represented each mass whole. The analyses were 
made with greatest care the best and most experienced man avail- 
and inasmuch this branch the work was not own 
think may truthfully say they are among the best that were ever 
made and materials were selected with discrimination. 

much the way explanation. The elements that have thus 
far been found meteorites, far determined, are follows: 


Aluminium Iridium Potassium 
Argon Iron Radium 
Calcium Magnesium Ruthenium 
Carbon Manganese Silicon 
Chlorine Nickel Sodium 
Chromium Nitrogen Sulphur 
Cobalt Oxygen Titanium 
Copper Palladium Vanadium 
Helium Phosphorus 

Hydrogen Platinum 
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The elements considered doubtful which had been reported 
one more occasions were below: Antimony, lithium, arsenic, tin, 
gold, zinc and lead. Other elements looked for and not found were: 
barium, strontium, fluorine and zirconium. Tests for these were 
made with the greatest care and instance was single analysis 
accepted sufficient. the amount material utilized 
was sufficient give one confidence its truly representative nature. 


While searching for these doubtful elements attention was 


directed the possible discovery others and confirmation the 
reported occurrence other rare elements. The results fully con- 
firmed the presence traces copper, vanadium, platinum, iridium, 
palladium and ruthenium, the last named being reported for the first 
time. Platinum and the allied metals should stated were re- 
ported occurring traces only. 

Although the elemental composition meteorites essential 
agreement with that allied terrestrial rocks the mode combina- 
tion these elements many cases markedly different, differ- 
ence which can accounted for only due deficiency oxygen 
the medium which they were formed. The following list 
those minerals characteristic meteorites which are also found 
terrestrial rocks: Olivine: the orthorhombic pyroxenes enstatite, 
bronzite hypersthene; the monoclinic pyroxenes diopside and 
the plagioclase feldspars anorthite, labradorite, oligoclase 
the phosphate apatite; the oxides magnetite, chromite and quartz; 
the sulphide rarely the carbonate breunnerite, and various 
forms carbon including graphite and diamond. The following 
are found only meteorites: the nickel-iron alloys kamacite, tenite, 
and plessite; the nickel and iron phosphide schreibersite; the iron 
monosulphide the iron and chromium sulphide daubreelite 
the iron protochloride lawrencite; the calcium and titanium zir- 
conium oxysulphide osbornite; the calcium-sodium phosphate mer- 
the iron and nickel carbide the carbon silicide mois- 
plagioclase and called and form silica, asmanite. 

Concerning the minerals mentioned may said that asmanite 
form silica probably identical with tridymite; breunnerite, 
ferriferous carbonate magnesia has been reported but single 
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meteorite, that highly carbonaceous stone which fell 1864 
Orgueil, France. The probable original nature this needs verifi- 
cation opinion. Carbon occurs the amorphous form and 
crystallized graphite and microscopic form cohenite 
carbide iron and nickel common constituent meteoric 
irons; daubreelite, sulphide iron and chromium, though fre- 
quently reported less common. the feldspars, mention need 
here made only the isotropic variety, maskelynite. Lawrencite, 
the bete noir collectors, iron chloride susceptible oxida- 
tion that when present quantity may result the complete de- 
struction the meteorite iron, hopelessly obscure struc- 
tures, stone. Merrillite phosphate calcium and sodium, 
the discovery which was one the results the work here 
recording. The metallic constituents, well known, are alloys 
iron and nickel known the names kamacite, and plessite. 
The metal interest, being soft and malleable when cold and 
having the general properties, wrought iron, iron, pro- 
duced smelting low temperatures. further interest 
that undergoes granulation heating temperature bright 
redness. complete fusion and recrystallization, the case 
octahedral iron, assumes more the character ordinary cast iron. 
is, believe, product reduction the chloride, presumably 
atmosphere hydrogen. Oldhamite, the calcium sulphide has 
been reported but few instances, but this, probably account 
its ready oxidation, passing over into the hydrous form gypsum. 
Schreibersite, the iron phosphide almost invariable constituent 
meteoric irons also troilite mono-sulphide iron, form 
usually regarded end member the pyrrhotite series iron 
sulphur compounds. the remaining minerals, silicates and oxides, 
all are characteristic terrestrial rocks and may passed over 
here. word should however said regarding the gases meteor- 
ites the determinations which, various are given 
the following table. 


Chamberlin, The Gases Rocks,” Carnegie Inst., 1908. 
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Stony METEORITES. 


Analyst. 


Wright 


Cold 


Chamberlin 


Average analy- 


Meteorite. 


Analyst. 


Tazewell Co., Tenn..|......... .05 3.17 Wright 


Toluca, Mexico..... tr. 1.32] 1.85 Chamberlin 


Average omitting 
Arva 


The high content sulphur dioxide the Orgeuil stone and that 
carbon dioxide Arva iron are considered abnormal and are 
omitted making the averages. 

Radium.—Sundry attempts the determination the radio- 
active properties meteorites have been made use photo- 
graphic plates, but with results means satisfactory. 
working what known the Emanation method, was the first 
demonstrate its presence determinable quantity the stone 
Dhurmsala. Later Messrs. Quirke and ex- 


Proc. Roy. Soc., A., Vol. 77, March, 1916, 480. 
Amer. Jour. Sci., Vol. 44, 1917, pp. 237-242. 
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amined considerable number stones and irons and have shown 
that average stony meteorite considerably less radio-active 
than the average igneous rock, probably less than one-fourth 
radio-active average granite, and that the metallic meteorites 
are almost free from 

well known meteorites are roughly classed as: Sider- 
ites iron meteorites, (II.) siderolites stony iron meteorites and 
(III.) aerolites stony meteorites. There are transitional forms 
but will not enter into the matter classification here. The 
average composition the all-metal forms selected Farring- 
from available analyses the following table: 


AVERAGE COMPOSITION METEORITES. 


Per cent. 


This needs comment other than that the presence the elements 
mentioned occurring traces, would doubtless appear this 
analysis had they been looked for with sufficient care. 

The average composition the stony irons difficult matter 
decide inasmuch they present great variability. That the 
variety pallasite given Tscherwinsky shown the following 
table. These figures should state are not the result direct 
analysis, but derived through elaborate series weights and 

Inasmuch meteorites are looked upon representative the class 
rocks constituting the earth’s interior would seem that this important 
matter for consideration those who lay great stress upon radio-activity 
connection with certain geological prob!ems. 

Field Museum Natural History publication, No. 151, 1911. 
The proportional amounts olivine and metal were determined and 


from their known percentage composition these figures were obtained 
calculation. 
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AVERAGE COMPOSITION PALLASITES. 


The average mineral composition given olivine 51.06 per cent., 
nickel-iron 48.94 per cent. both the cases obvious the 
rarer constituents were not looked for. 


(III.) Rocks THE Crust. 


Constituent. 


Zirconium oxide 
Metallic nickel (Ni) 
Metallic cobalt (Co) 
Ferrous oxide (FeO) 
Nickel oxide (NiO) 
Cobalt oxide (CoO) 
Barium oxide (BaO) 
Strontium oxide 
Potash 
Phosphoric acid 


computing the average composition stony meteorites but 
analyses were the time (1916) found sufficiently complete and 
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SiO 20.08 
7.42 
23.41 
43.33 
4.91 
99.42 
37-78 59.93 
0.58 
3.11 14.07 
2.41 2.58 
0.19 
.02 
0.18 
28.38 3.85 
0.31 
0.68 3.40 
0.32 2.99 
3-79 
0.10 
0.75 
100.044 100.00 100.00 
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accurate make them available. These yielded the results shown 
Column the table page 121. Column II. shown the 
average composition terrestrial peridotites and Column III. the 
average composition the rocks the earth’s crust given 
The most striking difference will observed lies the 
relative amounts silica, alumina, magnesia and iron. 

Some years ago the suggestion the late Doctor Becker, 
tabulated these figures elemental form according the periodic 
law shown the table page 122. not know that Becker 
made any use material, and present here without discus- 
sion only general interest. will noted that upwards 
per cent. the elements meteoric stones occur series 
and and groups and forming striking contrast with 
those given the similar table Clarke® showing the distribu- 
tion the terrestrial elements. 

total known weights the three classes meteorites mentioned 
are follows: Irons 168,975,572 grams; stony irons 5,252,534 
grams stones 9,012,199 grams; roughly per cent. weight are 
metallic, per cent. are stony irons, and per cent. stones. Below 
Column given the average composition meteorites calcu- 
lated Farrington using the method Clarke 


AVERAGE COMPOSITION METEORITES. 


Constituents. 
All other 1.35 0.77 


The method though the best that had thus far been suggested 

acknowledgedly defective that average analyses made 
Geochemistry,” Bull. Geol. Survey, No. 491, 32. 
Bull. 616, Geol. Survey, 1916. 


Field Museum Publication, Geol. series, No. 151, 
Bull. Geol. Survey, No. 78, 
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regardless the proportional amount the various materials. 
have thought therefore might not uninteresting present the 
figures Column II. representing the calculated composition such 
body could assumed result from the combination all 
known meteorites the above relative portions one homogeneous 
mass. scarcely necessary add that the enormous preponder- 
ance metal over all other constituents due assumed greater 
resistance metallic stony forms and their arrival the earth 
larger masses, and that the actual average composition probably 
more nearly that given Farrington. may added that though 
some 20,000,000 meteors sufficient size evident after night- 
fall shooting star enter our atmosphere daily, the average annual 
find meteorites, shown the accompanying table but four. 


Year. 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1892 
1893 
1896 
1897 
1900 
1902 


The geographic distribution all known falls and finds 1925 


given the accompanying tables 


The table includes only indubitable cases the finding meteorites 
seen fall. 


No. 
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TABLE SHOWING APPROXIMATE NUMBER, KIND, AND GEOGRAPHIC DISTRIBUTION 


Country. Irons. Stones. Stony Irons. Totals. 


Great Britain and Ireland. 
Including New Zealand and Tasmania. 


All known meteorites are composed volcanic materials, and 
none has shown any traces animal vegetable life, unless the 
wholly unnecessary and, indeed, unwarranted assumption. Nothing 
the nature terrestrial sedimentary rock, sandstone, shale 
limestone metamorphic like schist gneiss, has yet, far 
known, come from space, nothing content silica, alumina, 
lime, alkalies corresponding the granites and nothing the 
nature true vein. Further, and this seems the more singular 
when theories earth history are considered, nothing that can with 


Afric 
Austr 
India 
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certainty ascribed meteoric origin has been found terrestrial 
beds any geological horizon but the most such have 
fallen during earlier periods, they must have been quite different 
type, or, what more probable, become thoroughly decomposed 
otherwise altered unrecognizable. The meteoric origin 
the socalled Tektites regard yet unproven and they are there- 
fore ignored for the present. 


This fact was noted Olbers nearly years ago. Ward’s statement 
the Pliocene age the Lujan mesosiderite seems contradicted its 
having been found “an undisturbed Quaternary formation.” 
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TEMPERATURE SENSATIONS. 


HENRY BAZETT. 
(Read April 22, 1926.) 


Temperature sensations have been investigated for many years, 
but there are records actual measurements the temperatures 
accompanying them the tissues. 

have made such measurements the temperatures the skin, 
fat, and muscles, using thermo-couples made needle form similar 
those previously used Lefévre and others, but have used them 
determine the variations that accompany different sensations. 

The needles consist steel tube 0.35 mm. more diameter 
and with central constantan core, and temperatures are read 
determining the galvanometer deflection, using standard couple 
temperature near that being determined and calibrating empiri- 
cally. brass cover protects the needle from the air and allows the 
depth read. The error reading the temperature the 
thermo-couple small, but owing the great differences heat con- 
ductivity between the steel and the tissues the estimation the tissue 
gradient has error. When the needles are oblique that the 
temperature change along the needle small, this error negligible, 
but the needle inserted vertically for only short distance 
may considerable. Consequently measurements have often been 
made using oblique needle and controlling the actual depth 
x-rays, but other times vertical needles have had used (where 
the depth can directly read), and such cases considerable error 
occurs the first few mm. depth. the curves given later the data 
observed with vertical needles have been corrected. The correction 
used has been arrived comparing the apparent temperatures 
such depths when read with needles varying diameter, the error 
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being greater the larger the needle, and extrapolating the curve ob- 
tained determine the probable temperature, the needle diameter 
had been infinitesimal. From such data empirical correction 
formula was derived. All the data thus obtained are probably ac- 
curate within 0.1 0.2° C., except perhaps the case values 
obtained with vertical needles depths less than mm. 

The temperature the limb muscles are much lower than gen- 
erally realized and much below deep body temperatures. The curves 
shown illustrate the sort temperatures found the forearm. The 
upper two curves illustrate the gradients observed two subjects 
the hot weather last June. Depths are plotted mm. 
and temperatures ordinates, the needles being introduced vertically 
and gradually withdrawn. the hot weather the temperature 
about mm. depth much below rectal temperature. Under 
these conditions there flat area with little gradient just superficial 
the deep fascia, and the gradient the subcutaneous tissues 
also slight. Both subjects were uncomfortably warm. The same 
subjects another day gave the lower two curves, subject having 
the steepest curve, the higher rectal temperature and complaining 
cold. this case there was now plateau superficial the fascia 
and the gradient the subcutaneous tissue was steep. the hand 
the other subject felt comfortable, and, though the general gradient 
was steep, the normal plateau superficial the fascia was present. 

Such relationships were common. Thus another occasion 
normal curve with plateau superficial the fascia was obtained 
the thigh with room temperature 22.8° when the subject had 
been sitting damp bathing dress for min.—subject comfort- 
able. second curve taken similarly the arm after minutes, 
when the subject was rather cool, was steeper and plateau was 
present. The first curve normal and the plateau present, the 
arm curve steeper than normal and the plateau absent. After 
swimming for minutes the subject was very cold and minutes 
later third curve was obtained showing exaggerated gradient, 
plateau, fall deep body temperature with rise muscle tem- 
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perature accompanying shivering. Shortly after this the shivering 
stopped, the subject felt comfortable, but the rectal temperature was 
low and actually fourth curve was then obtained the arm 
minutes after the swim, showing low temperature level, but 
normal type curve associated with the warmer sensation; the pla- 
teau was again present. fifth curve was lastly obtained the thigh 
one hour after the bath and accompanying comfortable sensation 
curve was obtained similar the first though rather lower tem- 
perature level. other experiments after swimming plateau type 
curve even flatter than any the above has been found associated 
with sensation warm glow, even though the deep body tem- 
perature was 0.5° C., more below normal. 

Sensations warmth seem therefore associated with gen- 
eral diminution gradients. Sensations cold were associated 
with steep gradients and particularly with the disappearance the 
plateau superficial the deep fascia. Whether these changes are 
the causes the results the sensations present impossible 
say. 

investigate the question further have therefore directed 
our attention the changes observed point stimulation with 
Frey the skin end organs sensitive heat and 
cold. Stereoscopic x-ray photographs were used determine the 
actual positions the couples and photographic records were made 
the changes temperature observed when metal point was 
brought contact with the skin for short time. one experi- 
ment two needles were used both about 2.0 mm. deep, just be- 
neath warm spot, and both gave similar results. Comparison was 
then made with the temperature changes occurring the surface 
the skin with the application such point. The surface change 
followed simple curve that might anticipated, but deeper 
level the changes were more complicated. spite the nearest 
cold point being somewhat one side sensation cold was 
recorded soon after stimulus 20° was applied and much before 
recordable change 2.0 mm. depth. The temperature the skin 
remains below normal for several minutes point 20° was 
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applied for only few seconds. With rise temperature follow- 
ing the stimulus after sensation warmth was considered present 
the subject. similar experiment, where 28° stimulus in- 
stead one 20° was employed sensation cold was experi- 
enced the period when the temperatures were rising. With 
stimulus 38.5°, sensation much preceded any tempera- 
ture rise the needle 2.0 mm. depth. this case the needle 
this depth showed slight initial fall temperature and after this 
marked rise, occurring two steps. 

The end organs for warmth appear therefore situated con- 
siderably superficial 2.0 mm. That the lag the deeper needle 
due the tissues rather than the needle and galvanometer 
indicated the almost complete absence lag the surface tem- 
perature records. 

While the temperature changes recorded the more superficial 
layers follow relatively simple curves and only show slight tendencies 
step like changes this not true deeper needles. Some records 
show very complex curves and this particularly true the greater 
depths. This presumably implies that heat conduction depends 
considerable extent movement heat the blood stream, that 
much affected vasomotor changes. believe the initial fall 
temperature, which often observed with warm stimulus, the 
needle few mm. deep, due vasodilation and passage 
cooled blood back deeper venules. 

Sometimes the curves obtained show similar paradoxical change 
with stimulation cold, deep needle showing initial rise 
temperature. 

the result such experiments judge the end organs sensi- 
tive cold lie not far from 0.5 mm. deep, while those for warmth 
(on which have yet done few experiments) seem slightly 
deeper, almost certainly much less than 2.0 mm. deep, and probably 
the neighborhood mm. this true they should lie the 
dermis and not the subcutaneous tissue has been previously 
suggested. order work these small depths have had 
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alter our technic and are now working with wire loops made 
wire 0.06 mm. thickness, and they have given curves similar 
those previously obtained with needles. With these loops hope 
able localize changes more accurately and possibly deter- 
mine whether the gradient the direction the temperature 
change that forms the stimulus the end organ. 

The work has been done with the Dr. McGlone, 
who should equally credited for any success attained. 

Our thanks are also due the Ella Sachs Plotz Foundation for 
assistance towards the expenses. 
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NULLIPORE VERSUS CORAL REEF-FORMATION. 
WILLIAM ALBERT SETCHELL. 


The presence nullipores (or corallines) well corals 
components coral reef was recognized Darwin and noted for 
particular reefs the Indo-Pacific region (1842, etc.). Dana 
(1849, 1872, etc.) also mentions nullipores (as included under the 
term coral) but neither nor Darwin seem have considered the 
association nullipores with corals significance any way 
except possibly contributing towards bulk. Semper (1863) and 
Sir John Murray (1880) have practically disregarded nullipores 
their theories, although the latter was certainly position 
aware their existence and certain extent least their prev- 
alence and striking association with corals the reefs Tahiti 
and elsewhere. Murray regarded sediments, especially forami- 
nifera, important building reef foundations from deep water 
the lower depth limit reef-forming corals. Alexander Agassiz 
(1888) realized that calcareous algae were important reef forma- 
tion, particularly contributors bulk. The true relation nulli- 
pores coral reef formation began visualized during the 
Funafuti Expeditions (1896, 1897, and 1898). The data obtained 
these expeditions from the point view coral reef growth and 
formation constitute the most considerable and most exact data avail- 
able for discussion coral reef theories. The Funafuti Expedition 
emphasized the Lithothamnion belt,” forming the outer and ex- 
posed broad margin the atoll reefs. also emphasized the ce- 
menting function the Lithothamnia (or nullipores) all through 
the reef, binding the disconnected coral materials together. de- 
termined that below 180 feet the main boring there was pro- 
nounced change the structure the reef and that below 637 feet 
the proportion magnesium calcium (due nullipores) in- 
creased enormously. While the two shallow borings (each less than 
180 feet) agreed with the main boring the character the 
upper reef, looser structure, where corals seem predominate 
bulk, they reénforce the suggestion the results the main boring 
that below 200 feet the nullipore constituent clearly predominates. 
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most important observation was made the Funafuti Ex- 
pedition the Gilbert Archipelago determining that the only 
visible component Onoatoa Atoll was nullipore (chiefly Porolithon 
craspedium (Foslie) Foslie. Stanley Gardiner, who accom- 
panied the first Funafuti Expedition, added much our knowledge 
the situation eastern Indian Ocean during the Percy Sladen 
Expedition Sealark (1905, 1906). found that the 
atolls the Chagos Archipelago (Nature, Vol. 72, 571, 572, 1905) 
are apparently constituted nullipore reefs (Porolithon craspedium 
probably the chief builder). The presence corals the Seychelles, 
but absence reefs, attributes (Nature, Vol. 73, pp. 
and pp. 1905, 1906) the lack cementing nullipores.” 
also found nullipores the chief reef-forming organisms 
the Maldives and Laccadives (quoted Foslie The Fauna and 
Geography the Maldive and Laccadive Archipelagoes,” Vol. 
463, 1903). 

Marshall Howe The Building Coral Reefs,” Science, 
N.S., Vol. 35, pp. 837-842, May 31, 1912) has summarized the nulli- 
pore situation and has brought out the salient points most clearly and 
there little add his most admirable exposition except 
emphasis his position. Howe has called attention Bigelow’s 
report (Proc. Amer. Acad., Vol. 40, pp. 557-592, 744, 1905) the 
calcareous pebbles making the Challenger Bank off Bermuda, 
depths 180 300 feet. 

Professor Mark has kindly given samples calcareous 
pebbles the same collection dredged from the Challenger Bank 
1903. These pebbles concretions vary from few inches pos- 
sibly foot their large diameter. cutting, they are found 
formed about small shell fragment shell, after 
layer nullipore (various species Melobesieae), until the rela- 
tively huge mass nullipore results. 

The Funafuti reports (p. 173) call attention the fact that there 
were found everywhere scattered through the rocks, organisms, and 
fragments organisms, encrusted with successive layers 
foliaceous Lithothamnion, till irregular nodules from inches, 
even more, diameter, have been built indications are 
that such nodules, formed layers nullipores, alternating irregu- 
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larly with layers Polytrema, have been important reef forma- 


tion all parts the world. 

own experiences Tutuila the Samoan group 1920, 
Tahiti the Society group (1922), and Oahu the Hawaiian 
group (1924) have led bring forward the relation nullipores 
reef builders and reef formers, particularly the Indo-Pacific 
region. 

Rose Atoll built up, according Mayor (cf. Setchell, Carneg. 
Inst. Wash., Pub. 341, pp. 242, 243, 1925) nullipores 
craspedium) and the exposed fringing reefs Tutuila (cf. Setchell, 
ibid., pp. 34, 35) owe their existence, form, and growth characteris- 
tics particularly the nullipore, Porolithon onkodes (Heydr.) 
Foslie. The island Tahiti, however, shows reef formation all 
forms except, naturally, that true atoll, most characteristic and 
instructive fashion. have classified these reefs elsewhere (Carneg. 
Inst. Wash., Yearbook, 21, pp. 1923) exposed fringing 
reefs, protected fringing reefs, and barrier reefs. have also called 
attention what have called incipient exposed fringing reefs and 
barrier banks possible incipient undeveloped barrier reefs. 
Elsewhere shall publish further details tending support these 
ideas. sufficient here call attention the fact that nullipore 
action not only the controlling factor each form (or type) 
reef bank but that there also definite nullipore specificity due 
ecological and growth form peculiarities, for each type reef 
bank well for depth. 

Porolithon onkodes (Heydr.) Foslie surface builder and 
through its influence the exposed fringing reefs both Tutuila and 
Tahiti have been built out shelves, adding their bulk below the 
surface coral growth held together and place the cementing 
nullipores (Melobesieae and calcareous Squamariaceae). The pro- 
tected fringing reefs Tahiti were probably exposed fringing reefs 
first, extending later after being protected the formation 
barrier reefs, corals vertical growth forms and cementing 
nullipores. The barrier banks Tahiti have arisen encircling 
zone water more fathoms, the growth nullipores 
almost exclusively, until within few fathoms the surface. One 
the reef-formers here Lithothamnion Dickiei, said have prob- 
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ably formed entire bank the neighborhood Papeete. Over 
considerable portion the shores Tahiti, the barrier banks have 
become coral (with cementing nullipore assistance) reefs until near 
the surface, when the pavement nullipore (Porolithon onkodes) has 
rounded them off above and assisted their preservation and ex- 
tension width. certain sectors the Tahitian coast the 
barrier structures are still the form banks, due probably 
inhibition their growth rate, time inception, some 
probably connected with the volcanic history the island. 

The nullipore relation known atoll reefs, such Onoatoa, 
Rose Atoll, and the Chagos. These reefs are due chiefly Poro- 
lithon craspedium (Foslie) Foslie both reef-former and reef- 
builder. This nullipore not only surface organism (particularly 
cumatophyte surge plant) but undoubtedly grows much deeper 
(exact depth not known present). The encircling atoll reefs when 
the stage allow full sweep water over them, which 
possibly explains the larger depth relation this nullipore. The 
lowest portions atoll reef probably are (or least may be) 
formed largely nullipores simple encrusting form, but few data 
are available specific forms. From Funafuti, one the spe- 
cies from about 250 feet depth Lithothamnium funafutiense 
Foslie. 

Finally, may state that study the nullipore relation leads 
the following suggestions: 

The nullipore relation removes the depth limit assumed for 
reefs supposedly depending upon 
ence other type gradual change sea level theories are un- 
necessary, since living nullipores have been obtained from depth 
1,200 feet Funafuti and even, Howe indicates (loc. cit., 
841) deep 350 fathoms over 2,000 feet Florida waters. 

The second assumption, practically all coral reef theories, 
that the interconvertibility different types reef. 
studies Tahiti indicate that the nullipore control not only renders 
this unnecessary assumption, but also indicates the improbabil- 
ity its occurrence the sense which Darwin and others have 
postulated it. Fringing reefs, barrier reefs, and atoll reefs show 
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peculiarities nullipore species and growth form and action, each 
more less peculiar the particular type reef form. 

closing his article The Building Coral Howe 
says: Much evidence has accumulated tending show that the 
importance corals reef building has been much overestimated 
and that the final honors may yet the lime-secreting plants.” 
seems that the final honors can now bestowed and, with- 
out minimizing the contributions corals, there may added: 

That without nullipores 
have been formed; 

That the biological depth limit founded coral peculiarities 
may abandoned 

That reef interconvertibility not only unnecessary as- 
sumption, but for most barrier and atoll reefs thoroughly im- 
probable that they arose from fringing reefs through period 
gradual subsidence 

That the final evaluation the fact that coral reefs are com- 
monly formed shores where change sea level has taken place, 
still made, but seems probable that these changes sea 
level took place before rather than during the growth the reefs 
and are incidental rather than causal 

That the animal components the reef next importance 
after the nullipores are the various encrusting species, especially 
Polytrema, genus the Foraminifera. the upper 150 feet 
the main boring Funafuti, corals constitute only one fifth the 
bulk while below that their remains are much altered and represent 
less considerable element, all probability being debris from 
higher levels. fillers, sand (shell and coral fragments and 
Foraminifera) and shell and coral rubble form elements reef 
structure and Murray (1880) was inclined attribute these the 
building reef formations the level where coral growth be- 
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comes possible. 

That barrier and atoll reefs originate depths below the limits 
for growth reef-forming corals result zonal ecologic con- 
ditions and rise towards the surface, the fairly uniform depth 
lagoon and moat, respectively, being these cases another expres- 
sion zonal control. 


THE PREHISTORIC PERUVIANS. 
CHARLES MEAD. 


When Pizarro began the conquest Peru 1532 the Inca Em- 
pire included the greater part what now Ecuador, Peru, Bolivia, 
and also the northern part Chile down far the Maule river 
the thirty-seventh degree south latitude. Thus extended from 
north south distance 2,200 miles. varied greatly breadth. 
very early times stone age people lived various localities 
the coast. True paleoliths, like those Europe, have been found 
considerable numbers Arica and Taltal, northern Chile, 
particularly Taltal where the lowest strata graves, where they 
are found, contain nothing but paleoliths. 

Many centuries before the rise the Inca Empire the so-called 
megalithic people flourished. All our knowledge this people 
derived from such their works are still extant. They were the 
builders Tiahuanaco, and similar megalithic remains. Among the 
best known these megalithic structures are Sacsahuaman, the 
hill above Cuzco, Ollantaytambo, Concacha near Chavin, 
Huaraz and Quelap Chachapoyas. Remains this kind are 
widely distributed over the whole country, suggesting that the mega- 
lithic people were more less homogeneous people. Prescott well 
says them: Who this race were and whence they came may 
afford tempting theme for inquiry the speculative antiquarian. 
But land darkness that lies beyond the domain history.” 

Yet due recent research know that there were 
three great centers culture Peru prehistoric times: the region 
about Trujillo, Nazca, and Tiahuanaco. There good reason 
believe that they flourished, least portion their duration, 
the same time, for find forms pottery and ornamental motives 
each that also appear the other two. The characteristics 
their arts were however entirely different. 

the northern coast Trujillo art, realism prevailed. Animal 
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and vegetable forms terra cotta, without conventionalization, vases 
that were evidently intended portraits, and well executed scenes 
from their daily life, and even landscapes painted their pottery 
vessels. 

The art the Nazca region does not show the wonderful model- 
ing found Trujillo. inferior this respect that many 
parts Peru, but wealth color surpasses all other regions, 
and conventionalization runs riot their painted decorations. 

The art Tiahuanaco best illustrated work stone. The 
best and most characteristic example the carving the great 
monolithic gateway Ak-Kapana. The central figure represents 
some god, holding staff either hand. The art motives are the 
human figure, the condor and the puma. 

know nothing definitely about the rise the Inca Empire, 
but seems probable that the beginning resulted from the join- 
ing two Andine cultures, that Tiahuanaco and the Urubamba 
Valley. This seems borne out forms and ornamental de- 
signs pottery, from burial places the coast valleys, which are 
often the styles both Cuzco and Tiahuanaco. 

The Incas domesticated the llama, which they used beast 
burden. This gave them great advantage over their enemies, 
enabled them transport supplies great distance. conquest 
and confederation they gradually overran the entire country. 
generally believed that they finally conquered the northern coast 
region about 1,400 our era. 

The formation the country such that they had all degrees 
temperature, from the burning heat its deserts the perpetual 
winter the highest cordilleras. The strip land along the coast 
largely desert where rain rarely falls. intervals there are 
small fertile valleys, watered streams that come down from the 
mountains the Pacific Ocean. The mountains mostly run two 
parallel ranges: the eastern known the Andes, the western the 
Cordillera. North and east Lake Titicaca are the Bolivian Andes 
Cordillera Real. 

Their government was pure despotism. The Inca, the rep- 
resentative the sun, was the head the the 
army, making all the laws, and appointing judges enforce them. 
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short, was superior being, owning everything, and the source 
all power the empire. one could approach him unless bare- 
foot and carrying some token homage. was supposed allot 
each person each family sufficient land for their support, who 
could not part with any it, nor could they acquire more from their 
neighbors. 

impossible determine the number reigning Incas, 
the list names given the different old chroniclers vary num- 
ber from 102. The Inca, Huayna Capac, died 1525, only 
years before the advent the Spaniards. 

Cieza Leon says that more than 4,000 souls, women, pages, 
and other servants, together with immense riches were buried the 
tomb with the Inca Huayna Capac, and adds the somewhat doubtful 
statement: soon Huayna Capac was dead the lamentations 
were great that the shouting rose the clouds, and the noise 
stupefied the birds that they fell from great height the 
ground.” 

When Pizarro entered the country found divided against 
itself. When Huayna Capac was dying decreed that his illegiti- 
mate son Atahuallpa, princess Quito, should inherit the 
ancient Kingdom Quito, the rest the empire settled his 
legitimate son Huascar Cuzco. This arrangement was satisfactory 
neither son, and they were engaged bitter war when the 
Spaniards arrived. 

The Inca prince was well trained for the position Inca. 
and other princes the blood were obliged undergo severe train- 
ing prove their strength, courage and general fitness govern the 
empire. They were made fast for number days with only 
small amount food and water, such fast might necessary 
times war. They were obliged run race over distance 
league and half. says their parents and relations would 
intercept the runners, encouraging them, and telling them was 
better break their hearts the race than come off with dishonor. 

They were also divided into two equal parties: one garrison 
the fortress, and the other assault it. The next day they changed 
stations. They had show their dexterity archery, throwing 
stones mark with sling, casting the lance and dart, and were 
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also obliged learn how make all implements war, and their 
clothing. 

divide the range the world’s culture into enlightened, 
civilized, barbarous, savage, and presavage, the Peruvians, the 
time the Conquest, come under the head barbarous people: 
one defines barbarism stage which powerful nations were 
founded, and systems record developed. 

not uncommon for barbarous people reach high de- 
velopment one the arts, for instance basketry; but the 
Peruvians excelled many directions. They produced great archi- 
tects, shown many their structures, and great engineers, who 
built aqueducts hundreds miles long for irrigating the desert coast 
lands. They made pottery with beautiful lines and colors, and 
textiles which, technique and decorations, have never been ex- 
celled. They invented the Quipu, efficient instrument for keep- 
ing their accounts. They had well-organized government. 

These things seems entitle them classed civilized 
nation; but the other side the picture not agreeable. 
are told one paragraph that the Inca was most beneficent ruler, 
and the next that was savage, who being offended 
individual, immediately proceeded destroy the village which the 
offender belonged, killing men, women, and children. After read- 
ing Prescott’s Conquest Peru” one left with the impression 
that the Incas, the time the Spanish invasion, were making 
remarkable strides toward becoming highly enlightened nation. 
now suspect that they had reached the highest development 
was possible for them attain, and were, fact, going backwards 
the time Pizarro entered the country. 

Historical contact with almost every eastern nation has been 
claimed for Peru. this way has been sought account for 
many the arts the Peruvians; but none these claims have 
been substantiated, and now generally conceded that they de- 
veloped their own country and owe nothing any outside in- 
fluence. 

Again Mexico and Peru flourished the same time, but 
improbable that they knew each other’s existence. Certainly their 
arts developed along very different lines. The character their 
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civilizations was entirely different, for while the Peruvians were 
much superior agriculture, the textile arts, and such public 
works roads and aqueducts, they fell far short the Maya 
the higher intellectual culture: more particularly astronomy, and 
the invention hieroglyphs means communicating thoughts 
visible symbols. 

The prehistoric Peruvians, like the Indians the country today, 
were moderate stature: the men measuring between ft. in. 
and ft. The women about in. less. 

Peruvian dwellings were several kinds. the coast, and 
the warm valleys they were generally cane, supported posts 
algaroba wood, and often plastered with mud. Sometimes made 
adobe. either case the roof was mat reeds, thatch 
ichu grass laid over sticks. cold districts stone was often used 
building their huts. 

Father Cobo and Cieza Leon have given good accounts 
their clothing worn the time the Conquest. The dress 
man consisted breech-cloth, over which poncho, with with- 
out sleeves, called The outer garment, called yacolla, was 
thrown over the shoulders. When dancing work two the 
corners were tied together the left shoulder. 

some localities the women wrapped themselves large piece 
cloth, which hung under the arms. The edges were pulled over 
the shoulders, and fastened with pin. broad belt, called 
chumpi, encircled the waist. The outer garment, called was 
shawl-like. was thrown over the shoulders, and fastened over 
the breast with pin. These pins have very large heads, some 
the form spoon, with which they ate their roasted and ground 
corn. Others had flat heads, with thin edge which they could use 
knives. 

going sleep, night, they did not undress: the men threw 
off the yacolla, and the women the 

When any foot covering was used, was sandal, made either 
llama hide braided vegetable fiber. 

Agriculture was carried strictly scientific way, often 
under great natural difficulties. many parts there was little arable 
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land. remedy this shortage the hillsides were made into terraces, 
and soil laboriously carried up. 

planting, stout stick was used. the northern coast this 
stick was shod with copper. This copper point was shaped much 
like chisel, and had socket the upper end into which the handle 
was driven. 

They had plough-share, but Garcilasso says that sometimes 
pointed stick was drawn through the earth number men 
rope: women following break the clods. For manure they 
used guano sardine which they could procure immense num- 
bers. 

Besides maize, potatoes, sweet potatoes, tomatoes, beans, mandioca, 
squashes, oca, quinoa and two varieties cotton, know that 
variety fruits were cultivated. 

Maize was the staple food localities where could raised. 
was boiled, roasted and ground into meal. bag this meal 
often found with mummy. the principal food, carried 
journeys, the present Indians. spoonful this meal and 
swallow water now and then all they require. 

very cold regions, where corn cannot ripen, quinoa takes its 
place, the neighborhood Lake Titicaca small variety 
potato grown. potato frozen and pressed free from 
moisture, and thus prepared called tasteless food, 
but the only way the potato can preserved this climate. 

The coast peoples subsisted quite largely fish. The sea all 
along the coast abounded great variety excellent fish. They 
captured these fish nets, hook and line, and with spears having 
detachable points stone copper which were fastened long 
cords strips hide, which the point could recovered 
after had left the shaft. 

The list animal foods short one. The herds wild 
vicuna and alpaca the mountain belonged the Inca. The 
flesh the deer, and some localities the guinea-pig, peccary, and 
the vischacha, large rodent, ducks and geese were the principal 
animal food. 


many localities the flesh the guinea pig the only meat. 
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roasted made into thin stew, highly seasoned with Chili 
peppers. 

Hunting implements were the same those used war, the bow 
and arrow, the club with stone copper head, spear, sometimes 
cast with throwing stick, and the bolas. 

dried leaves the coca plant (Erythroxylon 
coca) were chewed, with little lime, exactly the betel nut 
chewed the East. 

Chicha, kind beer, generally made from maize, was the na- 
tional drink when the Spaniards entered the country, and has lost 
none its popularity since that time. 

Metallurgy.—The Peruvians worked gold, silver, copper and lead. 
The objects fashioned show that casting moulds, beating tall 
cups from single piece, soldering and even plating gilding one 
metal with another were understood. 

They had also discovered the art making bronze. They found 
that combination copper and tin made much harder and more 
serviceable tool than one copper alone. 

have spoken the characteristics the pottery the different 
sections the country. 

Weare indebted these old potters for quite part the knowl- 
edge have things familiar them their daily life. They 
have left models their houses, their costumes, animals and 
vegetables. Their painted decorations show women weaving, and 
fishing and hunting scenes. 

The early Spanish chroniclers were not interested such things, 
and could not imagine that future generations would be. 

The Conquistadores entered the country with but two ideas; the 
acquisition gold and the spreading the Catholic religion. 

other parts the world every important act was con- 
formity ritual. When the earth had been prepared for planting 
the people sang certain songs. The substance these songs was 
taken from the word hayllis, which means triumph, they tri- 
umphed over the earth and took fruit from it. 

Another festival was held, the highland people, when the corn 
appeared above the ground. Sacrifices young barren 
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ewes, and male were offered, and the deity petitioned not 
allow the crop destroyed frost. 

The principal festival the sun, called Yntip Raymi was cele- 
brated Cuzco, soon after the Summer solstice. All the princi- 
pal captains the army, and the lords the different provinces as- 
sembled this solemn occasion honor their god, the sun, 
virtue whose heat and light all living creatures were generated and 

Early the appointed day the Inca arrived, followed the 
whole population the city. They watched for the rising the 
sun, and his first rays were seen great shout broke forth from 
the multitude. The Inca offered libation the sun from large 
golden vase, filled with the fermented liquor made maize. 
drank from the vase himself, and gave what remained his royal 
kindred. After this ceremony they all went procession the 
temple. Later the high priest offered sacrifice, generally llama. 
opened the body and sought from the appearance which ex- 
hibited read the future. 

They had made considerable progress surgery and medicine. 
Trephining was done with piece obsidian sharp stone. 
After the advent the Spaniards the medicine men used piece 
broken bottle, knife, chisel, any sharp implement. 

Peru, where clubs with star-shaped heads stone copper, 
and slings for throwing stones were common use, fracture the 
skull must have been common occurrence and trephining often re- 
sorted such cases. was also done for other reasons, prob- 
ably some religious belief. 

Amputation the foot was common surgical operation the 
coast region, judging from the number pottery human figures 
museum collections, that have lost one both feet. 

the mythological fables Peru find variants the Biblical 
accounts the great flood and the virgin birth. 

Christoval Molina wrote the Inca account the great flood 
between 1570 and 1584. 

the life Manco Capac, who was the first Inca, and from whom they 


began called the children the Sun, and worship the Sun, they had 
full account the deluge. They say that all people and all created things 
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perished it, insomuch that the water rose above all the highest mountains 
the world. living things survived, except man and woman, who re- 
mained box, and when the waters subsided, the wind carried them 
Huanaco. 

The Peruvian variant the virgin birth was written Francisco 
Avila, cura San Damian, 1608. 

The god Uira-cocha caused the virgin goddess, Cavillaca, con- 
ceive dropping before her the fruit from tree. her 
own astonishment she gave birth son. She assembled all the 
gods find out who was the father, the test the child recog- 
nizing him. 

Uira-cocha came disguised wretched beggar. The child went 
once him. Cavillaca was ashamed and enraged the 
thought such character being considered the father her boy 
that she snatched the child and fled the sea. re- 
sumed his godlike form and pursued her, calling her turn back 
and look him. She was soon out sight, and when she reached 
the shore Pachacamac she entered the sea with her child, and im- 


mediately they were turned into two rocky islets, which may still 
seen. 


THE PEOPLING THE EARTH. 


ALES HRDLICKA. 
(Read April 23, 1926.) 


the annual meeting this Society 1921 the speaker had the 
pleasure presenting discussion the subject The Peopling 
and dealing with that key-problem brief notes were 
added the peopling other parts the earth. To-day able 
add the results three additional large trips abroad, the last 
which the year just passed took him through the Mediterranean 
and the Red Sea India, Ceylon, Java, Australia and South Africa. 

These trips have enlarged the horizon. They brought many new 
detailed facts. But their main result, gratifying state, was 
that the essentials given 1921 were all important respects cor- 
roborated. Without further preliminaries, now possible, with 
fuller confidence, make the following 

Man’s where the earth the first beings that could 
called human came into existence, yet uncertain; but the 
weight present evidence, far the known varieties man are 
concerned, points most towards western and southwestern Europe. 

The Cradle Man.—By the man meant the loca- 
tion the nursery human kind, the region where the infancy and 
early childhood man was passed. Here again, and that even more 
than with the origin man, the mass indications date found 
point western and southwestern Europe, with probably early 
extension the species the one hand towards Central Europe and 
the other over the watershed the Mediterranean. 

The idea that the cradle man lay Central Asia, still supported 
some quarters, may characterized merely idea, based 
collateral rather than critical anthropological reasonings and without 
this moment single item material evidence. All found thus 
far Central Asia connected with earlier man, relates his post- 
glacial extensions and hence man already late history, nearly 
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fully fledged and approaching man modern times. The infancy 
the human race belongs the earlier half the glacial period, 
and man this period not vestige substantial evidence any 
sort exists yet outside the above-mentioned parts Europe. 

strange what hold fixed ideas have most us. Were 
question any other family mammals, the region which gave 
not only the mass the remains these mammals but also that 
which alone were found their earlier representatives would inevita- 
bly taken for the probable original home that family. Only 
with man this law does not seem apply and forcibly being led 
into region which this moment has shown not sign such 
existence—simply because such placement would fit reasons based 
imperfect and irrelevant evidence and conceptions. 

Human Differentiation—Human differentiation into races, varie- 
ties and possibly even species may rationally dated from the earli- 
est time his separation into localized groups. The process doubt- 
less began even before man was full-fledged. But what was ac- 
complished the earlier times know yet next nothing. 
The forms are gone, and their known skeletal remains are still 
few number that conclusions value are possible. 

The Neanderthal seems probable, however, that the 
time the last glaciation was approaching, man existed 
only one general form, known the Neanderthal. This form 
seen persisting for very long time, several not many scores 
thousands years, into the beginnings the postglacial recent 
time. Some students incline view this important and already 
fairly well known form humanity separate species perhaps 
side branch the main human stem which came into existence 
the dim past, developed characteristic type, never weaned itself 
from this type and perished completely some time after the last 
glaciation, without leaving descendants. 

Most this, may now confidently said, erroneous. The 
Neanderthal form necessary stage man’s evolution; not 
uniform type either the skull skeleton; shows plain 
indications progressive differentiation towards modern man; and 
met with more less dilute but still recognizable form 
later humanity, even down the present day. Moreover human 
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strain long lasting and widely spread the Neanderthal could 
not completely disappear, like mere animal species, through any 
known agencies. Should agree that Neanderthal man Europe 
and neighboring regions became extinct and that his place was taken 
the so-called Homo sapiens, who presumably came from another 
source somewhere Asia, should obliged assume another 
Neanderthal-like phase those quarters. For man could not pos- 
sibly have bridged the gulf from his precursor anthropoid charac- 
teristics the type Homo sapiens without passing through phase 
similar that Neanderthal man. 

The probabilities are that the latest Neanderthal man, due the 
vicissitudes the last glacial invasion, became much reduced num- 
bers Western Europe, and that his place was eventually taken 
the transitional Aurignacian man, who was nearing the modern hu- 
The latest developments Central Europe and elsewhere 
make probable that while the Neanderthal type was declining 
the west, portions which had meanwhile extended into and pos- 
sibly beyond Central Europe, developed gradually into the Aurig- 
nacian man, who, spreading once more westward, reoccupied most 
not all the sites his Neanderthal forefathers. one time 
was supposed that the Aurignacian man might have developed the 
south the Mediterranean; but the evidence for this view un- 
satisfactory. 

Differentiation Postglacial Man.—A comprehensive survey 
both preglacial and postglacial remains man, known to-day, 
leaves the impression that until after the last glacial invasion man 
multiplied but slowly and irregularly, and occupied but smaller part 
the Old World, with the rest the earth yet unpeopled. The 
great wonder is, fact, that man sustained himself all during the 
hundreds thousands years his earlier development, from the 
first human the latest Neanderthal forms, against nature, disease 
and his own kindred. But following the last glacial invasion there 
clearly relatively rapid and ever surging advance culture; and 
man evidently for the first time his history becomes capable 
furnishing such surplus numbers that needs ever greater exten- 
sion his domain. was during these earlier postglacial times 
that witness his spread all favorable directions—eastward into 


and beyond Central Europe, southeastward into Palestine and much 
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further; and southward least far, seems, Northern 
Rhodesia. 

was doubtless during this earlier half the postglacial time 
that the foundations were laid for man’s differentiation into the older 
human stocks races the progeny which exists to-day. There 
evidence that since these times any human race worthy the 
name has perished. 

The Old oldest human physical stocks constitute 
what know the main strains humanity. They are the 
yellow-browns, the negroid and the “whites.” These strains assumed 
the course time, during the latter half the postglacial age, 
the basic characteristics which mark them one from the other; and 
each developed turn number variants secondary races, 
which, while differing more less amongst themselves and also 
from the old native stock, retained nevertheless sufficient common 
recognizable their sources and relations. These secondary 
races are follows: 

The yellow-browns peopled the central, eastern and northern 
Asia. Here they differentiated into number sub-types, which 
give the modern Asiatics such the Mongols, Tungus, Chinese, etc. 
pressure population increased and resources diminished, more 
northeastern contingents pushed out still further northeastward—to- 
wards America; others forged southward into Malaysia, later into 
Madagascar, and, mixed already with other elements, into Micronesia 
and Polynesia. Still others endeavored overflow the Himalayas 

the southward. And eventually when other roads were blocked 
the northern masses turned back westward, towards Asia Minor and 
Europe, the Mongol invasions. 

Intermediately between these and the Europeans appear con- 
siderable body peoples known the Finno- 
Ugrians and Tatars, extending from the Baltic and over the west- 
ern half Siberia and Central Asia. 

America, according all indications, received number al- 
ready distinct though most respects closely related sub-types 
the older yellow-brown stock, besides eventually developing some 
its 
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The distinguishing negro characteristics developed, seems cer- 
tain, the heart Africa. But from far back the negroids appear 
two main strains, the short, pigmy negrillo, and the well de- 
veloped negro. The shorter type differentiates turn into the 
negrillo proper and the bushman with the related hottentots and 
From this type, which one time was probably 
much more prevalent than now, offshoot called now the negrito, 
proceeded eastern direction, skirting evidently the southern 
coast Asia and reaching far the Philippine Islands. 

The regular negro developed, numbers least, evidently some- 
what later than the short, and has not yet differentiated into 
distinct sub-types the latter; though localized differences are well 
known. 

The whites,” probably before reaching status when they could 
fully characterized such, began extend especially the 
southeastern direction, and must have reached not merely Asia Minor 
with the Caucasus and Persia, but also India and probably even Java 
and Australia. Their furtherest stream which retains this day 
numerous primitive characteristics that approach the uppermost 
Mousterian and the Aurignacian man, are the Australians. Subse- 
quent developments the whites take place India, Asia Minor 
and Northern Africa form the Dravidian-Hamitic and Semitic 
types; while those remaining Europe differentiate gradually into 
the Mediterranean, the Central Alpine, the Nordic and the Slavic 
types. 

For much this the speaker’s 1925 journey has furnished further 
corroboration. 

One the most satisfactory results the trip relates the 
Negritos. brought out the 1921 discussion, one the major 
problems anthropology the presence the Negrito the Philip- 
pines, the Malay Peninsula, the Andamans and elsewhere the far 
southeast. there—a clear but enigmatic type without connec- 
tion any direction. His nearest relatives are apparently the Pyg- 
mies Central Africa—there nothing else with which connect 
him; but great unbridged space has till now separated the two. 
The problem has been—how did the Negrito get his present homes. 
extended from Africa, must have left traces his passing 
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Arabia and India, from which however there has come hitherto 
clear evidence his presence. However, such traces, far 
least the Indian coast lands are concerned, the speaker became 
satisfied, exist. They occur Parganas (northwest Calcutta), 
least one area along the eastern coast, here and there among the 
Dravidians, and along larger parts the western coast, more espe- 
cially the Malabar Hills. This brings unmistakeable traces the 
Negrito long way more the westward and much nearer 
Africa, making his derivation from that continent much the more 
probable. 

Another major problem anthropology has always been that 
the Australians together with the Tasmanians. Data obtained this 
subject were rich beyond expectation, including the essential deter- 
minations approximately 1,000 well identified skulls Australians 
and most the known crania from Tasmania. The data throw very 
interesting and some extent new light the constitution both 
these peoples. According these observations, the Australian 
aborigines deserve truly classed one the more fundamental 
races mankind, and yet race which shows close connections 
with our own ancestral stock—not with the Negroes Melanesians 
(except through admixture), but with the old white people post- 
glacial times. They carry, however, some admixtures the negroid 
blacks, which more pronounced some places than others. 

the Tasmanians, the indications are that after all they are 
but branch the Australians, modified perhaps through this par- 
ticular admixture and their own country. Both peoples have lived, 
and the Australians the northwest live largely this day, the 
palzolithic stage stone culture. They are still making unpolished 
stone tools, which instances resemble the Mousterian implements 
later European types—though they are capable also 
much higher class work. 

The third problem much importance anthropology that 
the presence this day different parts Asia living remnants 
the older yellow-brown stock type from which was derived the 
American Indian. this point also new light importance was 
gained this journey. the southern slopes the Himalayas 
are found to-day many Tibetans, well other Mongoloid tribes 
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who some time the past overflowed the range but could get 
further southward. Among these, but more particularly among the 
Tibetans, one finds to-day true American Indian types, true that 
they were transplanted into America nobody could possibly take 
them for anything but Indian. They, men, women and children, re- 
semble the American Indian physique, behavior, dress and 
even the intonations their language. 

Finally interesting observations were brought from the journey 
relating the formation far-away colonies what eventually 
promise become new types the white man. They relate 
Australia and South Africa. The older population Australia 
shows perceptible trend towards the formation fine type 
tall, lithe, efficient man, resembling many respects the older stock 
America; while South Africa the mixture the older Boer 
population with the English, together with other conditions, favor- 
ing the development another good, newer white type, somewhat 
stockier than the English, less tall and lanky than the Australian, but 
according all indications favorable type considerable promise. 

Nothing the above nature, notwithstanding some mixture with 
the natives, taking place the Dutch colonial possessions, 


India. This due the fact that European man those countries 
small numbers, and general lives there only temporarily with- 
out raising acclimatized progeny. 
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THE PEOPLE THE MAIN AMERICAN CULTURES. 


ALES HRDLICKA. 
(Read April 24, 1926.) 


generally agreed that the main precolombian American cul- 
tures, from north south, were those the Moundbuilders and 
the Pueblos what are now the United States; the Toltecs, Aztecs 
and Mayas, Mexico and Central America; the Chibchas, Chimu, 
Nascas, Kechua and Aymara South America. 

This selection imperfect; not based exact scientific de- 
terminations possible that other groups critical study would 
found have the right included this list but the groups 
mentioned are the best known, and they are those who produced the 
most impression the precolombian American developments 
material nature, particularly the way construction. 

The earthwork and architectural achievements the Mound- 
Mayas, Toltecs, Aztecs and Incas, were fact such 
nature and magnitude that the people who produced them became 
many minds dissociated from the ordinary American Indian, and 
were believed have been different races.” this day often 
reading encounter the the Moundbuilders, 
and similar expressions. 


66 


the Aztec 


more advanced view, which even some serious scholars 
our days incline, that several, not all, these old native culture- 
groups were influenced accessions from outside the American 
continent. the idea the Chinese (with later Japanese) con- 
nections along the western coasts very strong; and there are other 
suggestions (southern Asiatics, Egyptians, white men). Most re- 
cently there comes from France (Rivet, Verneau) recrudescence 
the notion that the western parts the continent received some 
the Pacific islanders, and, Rivet adds, even Australians. 

The facts are, brief, that for one these contentions 
suggestions there any physical proof. The people our main 
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aboriginal cultures were just Indians and, far known, nothing 
but Indians. The culture developments were, according all indi- 
cations, not due different blood, but propitious conditions. 
far physical anthropology goes, there has never been found re- 
liably trace any other precolombian population either North 
South America than the Indian. The Moundbuilders, the Aztecs, 
Toltecs, Mayas, Incas, all were but Indians. ever there had taken 
place any contact other people—and this means improba- 
ble—this contact was small that while may have influenced cul- 
ture left traces physical nature that could to-day clearly 
ascertained. Cranial resemblances other peoples, believed 
originally Quatrefages and after him Ten Kate, Rivet and 
even Sullivan, are resemblances based all probability old basic 
relationship, are demonstrably individual variations and constitute 
proofs racial admixture. 

The builders and bearers the principal precolombian American 
cultures were however not all one type the Indians. The 
Indian population developed doubtless not from single pair, nor 
from single immigration, but from repeated small comings 
dribblings over eastern and northern Asiatic tribes which, though 
evidently all parts the older yellow-brown race, differed already 
type, language and other particulars. still possible recog- 
nize several these pre-American types the Indian, and their 
distribution not only much interest but also probably chrono- 
logical significance. They are, roughly, (1) the older dolichocephals, 
represented many the tribes from South America Mexico 
and California; (2) the older brachycephals, the type 
Morton, extending over the Antilles, Yucatan, parts Central 
America and Ecuador, and down the coasts Peru north 
Arica; (3) the later dolichocephals, represented the Algonkin 
tribes with most the Iroquois; and (4) the latest brachycephals, 
represented the Athapascan tribes, reaching with interruptions 
narrow stream from Alaska northernmost Mexico. addition 
these there are recognizable several other types, such that our 
Gulf States, that the Sioux, etc., which are apparently indige- 
nous development. 

may now proceed with the enumeration the types the 
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Indian concerned the development the foremost aboriginal cul- 

The Moundbuilders were partly the Toltec” the Gulf 
types, partly Algonkin and perhaps even Siouan derivation 
(Cahokia mounds, 

The Pueblos, base, are mostly the older western dolichoids, but 
with here and there (especially among the Hopi) strong domi- 
nent element the older brachycephals. 

The original Aztecs belonged, seems certain, branch the 
older dolichocephalic type; but the the empire found 
Cortez were conglomerate several branches the older 
dolichoids with several groups the older Toltec brachycephalic 
peoples. 

The Mayas were, according all indications, remarkably pure 
sub-type the old brachycephals. 

The Incas,” like the empire Aztecs, were conglomerate. The 
coast population (Yungas or, more locally Chimus, Pachacamac, 
Nazcas, etc.) was, barring some intrusions from the mountains, 
the Maya type and same derivation; while the mountain people were 
essentially composed several branches the old dolichoids, with 
here and there more less perceptible admixture the coast 
people. 

every one the groups under consideration there has also been 
admixture the types, and doubtless some localized physical spe- 
cialization.” 

This about all that needs now said the question under 
consideration. may summarize saying that appears 
the older brachycephalic type that has developed the higher cultures— 
Toltec, Maya, coast Peru, perhaps over one half the mound- 
builders, and important part the Pueblos. But the Aztecs, 
Aymara, most the Pueblos, and perhaps the main element the 
Kechua, were the older dolichoid type. The newer dolichoids 
gave the bulk the Iroquois with their relatively high 
and the newer brachycephals are responsible for some the cultures 
the northwest coast. 

There appears therefore, except probably the case the older 
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brachycephals, special connection between the cultures and the 
physical type the Indians. 

may added that all the Indian types here dealt with are also 
represented—though apparently least with the old and most with the 
newer brachycephals and the older dolichoids—among the savages 
the two Americas. 
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UNIVERSAL ATOMIC VOLCANISM 
AND THE MILLIKAN COSMIC RAYS. 


MONROE SNYDER. 
(Read January 20, 1926.) 


this hour, the 20th January, 1905, twenty-one years 
ago, that presented before the American Philosophical Society the 
first account discovery new cosmic force due the explo- 
sive transmutation atomic elements order other than terres- 
trial radio-activity. The title paper was Universal Celestial 
deference the only transmutation then known, 
and hence primary belief that radio-activity the stars might 
differ widely from the changeless form, and hence account for the 
facts. Subsequently order emphasize the difference from 
radio-activity, named the unknown process transmutation, and 
the accompanying force, and taught the subject. 
Only, last all, after the force had been found account precisely 
for the volcanism the earth did ‘‘atomic seem 
the proper designation for the process and the force wherever acting. 

The hypothesis explosive atomic transmutation favored 
the relative position the nebulous material ejected, its resulting 
form, the resulting photometric effects, the resulting visible line 
spectra, and the apparent transformation the chemical elements 
involved, was merely hypothesis, incapable being brought 
test, until one day August, 1904, when intensive study the 
conditions the production the line spectrum hydrogen, 
always from the start assumed the final element the stellar 
atomic transmutation, suddenly completed itself the conception 
precisely and briefly expressed Temperature, 
the degree energy due the random motion particles, was not 
capable explaining the actual phenomena star spectra. Kirch- 
hoff’s law had utterly failed account for the helium spectrum 
the heavenly bodies and that meant the failure temperature. 
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But the electroture, the degree the orbital energy the elec- 
trons producing spectra different line frequency, different 
spectral series, and different character per element, rescued the 
problem from mere mathematics nature. was then plain that 
the degree explosive transmutation atoms varied, the degree 
the orbital energy, the line frequency, the electroture, varied with 
for each spectrum involved. Electroture then became the real 
key stellar atomic volcanism, and permitted definite application 
the principle compound probabilities the spectroscopic 
evidence. was thus that the practical truth the hypothesis 
was established. 

The investigation the force atomic volcanism has necessa- 
rily, during the long stretch years, been pursued the Newtonian 
Method Science, and hence outside the pale scientific authority. 
With results insisting comprehensive publication am, this eve- 
ning, confronted double demand: First, the call for some brief 
publishable account the complexities atomic volcanism, and, 
secondly, the decree for just appraisal, means atomic vol- 
canism, the recent triumphant experimental discovery Millikan 
the precise order the penetrative radiation, which, more 
less unsatisfactory ways, has received the attention science for 
more than score years. 

mere catalogue few results the progress investi- 
gation now the only feasible plan: 1904 finds the famous line 
4686, then supposed due hydrogen, and now helium, 
preéminently associated with stellar volcanism, and reported 
1905. Nineteen hundred and nine brought definite evidence 
Radium Emanation participating explosion star the 
great nebula Orion, and also disclosed both laboratory evidence 
and celestial evidence explosive transmutation atoms the 
rare gas group through what was later found steps each 
mass loss hydrogen units. Nineteen hundred and seventeen 
challenged find deductive proof this explosive transmuta- 
tion the inert gases, already verified induction. This im- 
mersed need for solving the Atomic Table Problem as- 
sumption whole number hydrogen steps. Here met first 
pronounced opposition from the accredited atomic weight Calcium 
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the chemists. The matter was vital, and colleague, 
Professor Rowland Hill, and his reliable mathematical training, 
that science will always owe gratitude for the unbiassed review 
work, and the judgment that only the proposed path should 
followed. With ease, the autumn months 1917 found the true 
atomic weights derived from the atomic numbers for the first 
elements. Zirconium brought another battle with the chemical 
authorities, which sidetracked attempts that was only 
August 1918, that could complete the solution. 

The completed Table gave the true atomic numbers and true 
atomic weights all the known and unknown elements whose true 
placing the compartments could inferred. This Table has re- 
moved all discrepancies between the atomic numbers and the cor- 
responding atomic weights; has placed Uranium number 
instead 92; permitted discovery the only terrestrial rare 
gas then unknown; established precise constant difference 
atomic number and atomic weight the atomic sub-groups, and 
thus cleared many chemical and physical relations, and, above 
all, furnished the complete and final statement the exact order 
the atomic transmutation which designate atomic volcanism. 

Application the Table the new star 1918 Aquila en- 
abled derive full explanation many the details the 
spectroscopic observations, and particularly, the reasons for the 
different order spectra for different nove. Similarly has the 
table revealed the mysteries the meteorites. Incidentally five 
different orders the transmutation atoms nature have been 
disclosed the earth and the meteorites. 

Through the labors son Professor John Snyder the 
entire body the earth sciences geology, mineralogy, and 
geophysics generally, has shown the earth one the heavenly 
bodies and one the best observed. son has also been particu- 
larly successful showing that the terrestrial volcanic action but 
miniature that the solar system, and the universe stars 
and 

seems convenient conclude this section with 
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SUMMARY UNIVERSAL ATOMIC VOLCANISM. 

Atom formation ceaseless process star-life. Under the 
progressive pressure gravitation within the star, the atoms are 
built successively greater stages mass and energy according 
marvelous structural plan exhibited The Fundamental 
Periodic Table the Chemical While the electron and 
the proton are the ultimate electrical units the one element uni- 
verse, the immediate units the hydrogen structure the atoms 
are the molecules known the stable He, hydron, and the less 
stable hydrion. 

Explosive transmutation the atoms the stars and the 
atomic groups, through great steps, major and minor, mass and 
energy loss, results from decided lessening gravitational pressure 
the nascent atoms, consequent stellar rotation, change 
the star’s gravitational field. 

Atomic volcanism thus, for instance, major step, explodes 
Tellurium into Selenium, and Selenium into Sulphur, and minor 
step, Sulphur into Oxygen, the mouths volcanoes testify. 

Neighboring transmutation atoms acts along the atomic series 
through small steps mass change, either next group next 
but one, owing the slow change pressure and internal atomic 
energy attending the declining effects volcanism. 

Volcanic energy has multiform expression through the orbital 
and projectile speeds electrons and atoms, which results motion, 
magnetism, electricity, heat, and other forms radiation classed 
light, visible and invisible. 

Atomic volcanism universe-wide phenomenon due the 
conditions atomic structure and atomic change attained under 
gravitational action every rotating and revolving star. 

The might the volcanism star depends upon the star’s 
mass, state aggregation, and kind and amount its explosive 
atoms brought into action through variation the gravitational 
field. The star may now expel tiny cloud gas, and now eject 
pair giant suns. 

Atomic volcanism distributes the masses and energies the 
stars, the the sun, the planetary and satellite systems, and 

Fundamental Periodic Table the Chemical Copyright 


1919, 1921, 1923, 1924. Snyder, filed Congressional Library, 
Washington. 
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the comets, well builds and renews the continents, oceans, 
and atmosphere the life-bearing earth. Atomic volcanism is, 
brief, the cause all intrinsic variability the heavenly bodies. 
Universal gravitation aggregates, and universal volcanism distrib- 
utes, both the star masses and the elements them. 


MILLIKAN Cosmic Rays. 


Hitherto have chiefly directed attention the visible changes 
the atoms themselves which accompany the world force atomic 
volcanism. have also referred only that radiation which 
expressed the visible line spectra, although the structure the 
atom and its widely varied radiation constitute but one stupendous 
problem. This problem stood forth too varied and vast permit 
one easily walk round and tell the towers thereof. But imme- 
diately had learned the existence the Millikan invisible cosmic 
rays, realized that they could accurately accounted for only 
the marvelous transmutative energy released the atomic volcan- 
ism active all stars. all visible stellar radiation the final 
result the explosive transmutation the atoms, kept action 
the atom circulation systems the rotating stars, the invisible 
light the highest frequency and penetration must due the 
same stupendous nuclear changes the stellar atoms. 

the precise discovery Robert Andrews Millikan 
spectral gamut invisible cosmic light, observed penetration 
hitherto unimagined order, are the presence the most 
important revelation atomic radiation all time. only his 
colossal plan constituting deep snow-fed mountain lakes differ- 
ent levels part the equipment the physical laboratory that 
could reveal the final actuality the cosmic rays; their definite 
range mass absorption coefficients, disclosing true spectral order; 
the marvelously exact determination the highest observable 
penetration these rays; their evident production the observed 
softer rays due the Compton effect; the ceaseless equal action 
from all diréctions these cosmic rays all hours, day and night, 
and the rigid logical deduction that these rays from all the wide 
heavens must due nuclear atomic transformation, and, 
Millikan says, more energetic than are those taking 
place any radio-active changes which know anything 
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Radio-activity, atom table shows, accompanied loss 
each step either hydrogen atoms, whereas major atomic 
volcanism proceeds individual steps the loss hydrogen 
atoms, approximately ten times that radio-activity, or, would 
seem, one hundred times the energy loss atoms the same atomic 
level. the absence any proper publication discovery, 
and wide verification, the atomic volcanism due the 
immense mass loss hydrogen units each step atomic trans- 
mutation the stars, need not wonder that Millikan fails 
give final decision the specific origin and nature the cosmic 
rays, nor marvel that the eminent English physicist and astronomer, 
Jeans, not only gracefully retires from the problem the exact 
origin the cosmic rays, but, emphasizing their complete absorp- 
tion the stars, fails see that the atom transmutation must take 
place different levels within the stars, and that the stellar penetra- 
tive rays, thus produced, cannot suffer the dire destruction 
depicts. 

was not only the high energy this cosmic radiation, but the 
possibility that Millikan’s observation the uppermost degree its 
penetration had something with ultimate stellar atomic 
number 143, that led decided emphasis the volcanismic explana- 
tion the cosmic rays. Strangely enough, too, Sommerfeld, his 
recent fourth edition had put profound emphasis 
the point that there was yet solved the great problem deter- 
mination the limit the atomic system, problem which had inci- 
dentally come work? five years ago and had then led 
published indication that the highest stellar atom possible must 
number 143. Mulling these considerations over with Dr. Carleton 
Haigis, colleague the Victor Talking Machine Company, 
suggested that the Kaye-Owen relation, showing the absorption 
coefficient the radiation be, approximately, inversely pro- 
portional the fifth power the atomic number, might appli- 
cable. Comparison Barkla’s value the mass absorption co- 
efficient Molybdenum with Millikan’s upper coefficient for the 
new rays brought the astounding result number 142.5, within 
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0.5 143, the atomic number sending forth this ultimate 
cosmic radiation. Assuming the absolute accuracy the fifth 
power relation thus incidentally shown, computed comparison 
Millikan’s highest coefficient with each the eighteen mass absorp- 
tion coefficients the characteristic radiation many elements 
determined for unit density, Barkla and other observers, shown 
list, and, for sixteen these, found average 142.6, 
and for two the best these, namely Copper and Antimony, 
value 142.8, instead the utmost possible number 143. From 
the observed coefficients Cerium and Barium, extraordinarily 
high values resulted for the ultimate element. These point 
hitherto unsuspected admixture with Cerium and Barium min- 
erals belonging the subgroups these elements. 

Perhaps ought indicate that the limiting atomic number, 143, 
had been determined four wholly independent methods 
before this application the ultimate number the cosmic rays. 
reversal the logic, this successful application may, course, 
taken the fifth verification the existence the limiting 
atomic number 143 represents atomic number 143, 
that the terrestrial element whose mass absorption coefficient 
simple and accurate law is: naturally in- 
verted the previous computation and derived many coefficients 
for the terrestrial elements cared find, and also determined the 
degree Millikan’s approach observation the most penetrative 
cosmic radiation possible. 

expect Millikan accuracy, but simple calculation with 
use the best comparison coefficients known shows that his 
maximum penetration coefficient just one one hundred 
one the fifth decimal place, short absolute perfection, 
accuracy such field that hardly less than uncanny. 
Millikan’s supreme accuracy observation, joined with the unex- 
pected accuracy the fifth power law, and with the previously 
demonstrated accuracy ultimate element, number 143, that 
results the following rigorous deduction: The highly penetrative 
cosmic rays, with reliably observed absorption coefficients ranging 
from .18 .30 per meter water, are the limiting radiations the 
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series the X-rays, and are due the atomic volcanism, ex- 
plosive transmutation, with mass loss hydrogen units, each 
the upper stellar elements, from atomic number 143 down 
atomic number 129. Thus the cosmic rays observed Millikan 
constitute the most penetrative range, the radiation the 
rays, existing. These rays are the ultimate invisible light emitted 
the ultimate atoms. 

inference Millikan that frequencies these cosmic 
rays not extend over into the X-ray region seems 
require further study. For, below the lowest elements concerned 
the observed cosmic frequencies there are still other elements, 
able furnish this form radiation, before atomic number 96, 
Uranium, reached. becomes, then, interesting problem 
determine whether this missing band cosmic radiation some- 
where absorbed, yet disclosed observation. 

The Accepted Atomic Table with its false atomic numbers and 
long periods falsely varying from 32, and widely adopted 
chemists, physicists, and astronomers, cannot determine true 
stellar terminal element, nor many the other vital relations, and 
has now accordingly, let hope, reached the utmost limit its 
career. 

not possible briefly describe all the implications the 
rare and radiant atomic number 143. And yet seems fitting 
reason from effect cause and find that this stellar element, Ultine, 
has, among other things, new and emphatic manner, established 
the validity entire Fundamental Periodic Table the Atoms, 
whose seven systems long periods exactly atoms each, and 
whose true atomic numbers and whole number atomic weights, have 
disclosed the exact order which Atomic Volcanism 
exerts its mighty forces the heavens and the earth. 

Such theoretical and observational labors atoms and their 
radiations are not destined remain matters pure science alone. 
For several years son and have been planning use the 
magnetic and electric disturbances emitted the explosive trans- 
mutation the terrestrial atoms means predicting both the 
confined explosions the earthquake and the freer explosions the 
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volcano, and thus contributing the amelioration the catas- 
trophes most dreaded mankind. 

And now that the Millikan cosmic rays have been, unequivo- 
cably, shown have their origin the same order atomic trans- 
mutation that which peculiar volcanic action, and there has, 
also, been added instrumental equipment such efficient means 
testing for radiations the Millikan recording electroscopes, the 
prediction volcanoes and earthquakes, and their degree 
violence, should promptly become field successful scientific 
effort. 


PHILADELPHIA OBSERVATORY, 
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UNIVERSAL ATOMIC VOLCANISM 
AND THE ULTIMATE ATOM. 


MONROE SNYDER. 
(Read 23, 


recent paper Atomic Volcanism and the 
Millikan Cosmic briefly indicated the applicability the 
ultimate atomic number 143 an-exposition the nature these 
rays. Here proposed discuss the origin and important rela- 
tions the final atom some detail. 

The recent work Rosseland, Bohr, and Sommerfeld the 
ultimate atom, although done without knowledge earlier 
result, points the interesting reality this inference, and the 
probability that all students general atomic relations are finally 
brought face face with the problem. While largely but 
suggestive the existence the ultimate atom, the touch given the 
problem these investigators the highest importance. 

find that about four years after first solution! this problem 
the ultimate atom, Dr. 1923, from studies radio- 
activity relation atomic size, comes the conclusion that there 
must limit the atomic system. From supposed approach 
the electronic orbits the nucleus increased size Uranium 
reaches the inference that atomic number marks the limit. 
Somewhat later the same year, Bohr from the quantum relation 
N/k assuming the factor derived the value for 
137. While regarding this number indicative orbital 
limitation about the atomic nucleus, Dr. Bohr neither discusses nor 
applies this maximum value due the quantum theory. Sommer- 
feld,* however, the recent fourth edition October 
1924, essays discussion the whole subject. the first place 
assigning the factor, proceeding violation Bohr’s indi- 
cation, derives 68.5 for the limiting number, and suggests that 
this atomic number falling near the end the rare earths, the 
K-shell must longer capable existing. 
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says, fall into the nucleus, that they approach 
Furthermore Sommerfeld upon the hypothesis the 
mutual perturbations the electrons entertains enticing as- 
that possibly the atomic number, 92, may the limit. 
Let permit Sommerfeld deliver his own closing opinion: 
the decision may be,” says, problem the 
periodic system any case only then solved when not only the 
termination the individual periods within the system, but also 
the termination the entire system Uranium and equalling 92, 
have not yet succeeded theoretically explaining the termina- 
tion the periods with the numbers 18, 32. the other 
hand the termination the entire system doubtlessly presents the 
more difficult and the more unapproachable problem. this para- 
graph intended less suggest the solution than the existence 
the problem.”’ 

That the problem finding the limiting member the atomic 
system was this late date 1924 real one for Sommerfeld 
least encouraging our arrival the the problem 
some three five Inasmuch, also, Sommerfeld has 
critically adverted the length the periods the Periodic Table, 
must here clearly indicate that was the accurately determined 
reasons for limiting each the short periods and each the 
long periods 18, and case 32, demanded the Accepted 
Periodic Table, that necessarily brought the problem 
deriving the exact atomic number the ultimate atom. 

The conception limit the system atoms naturally 
presents itself many the height absurdity, and yet the fact 
that this limit has now been seriously mooted science suggests 
that finally every student atomic structure must deal with this 
problem. realized this necessity 1919, for find that the first 
copyrighted edition that year Periodic 
shows the sub-group the rare gases extended toward the 
ultimate atom far possible for any them exist the 
stars. The first attempt determine limit was, however, 
means study the electronic speeds necessary for the produc- 
tion the limiting frequency the series the X-rays. For 
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this high frequency the electrons whirling about the nucleus 
Uranium the speed came out about two thirds the velocity 
light. For speed equalling that light found that the atomic 
number mounted 141. Taking all the uncertainties the data 
used this computation into account finally adopted atomic 
number 143, the eighth member the Chlorine sub-group and the 
last the seventh long period shown Periodic Table, 
the real ultimate atom. accordingly received the name, Ultine, 
second copyrighted edition the Periodic Table 1921. 


TABLE 


RESONANCE IONIZATION 
POTENTIAL POTENTIAL 
Helium 


(Obs.) 
Neon 


Argon 15.40 
2.20 
Krypton 9.90 13.20 
2.20 


Astron 
(86) Radon 
108 Pleon 
126 


144 


11.55 4/3 15.40 
1.65 4/3 2.20 


The second solution the problem the limiting atom was due 
astrophysical study the formation and explosive trans- 
formation the successive members the rare gas group the 
surface stars. This solution required the massing astronomical 
data gathered from number distinct fields, and therefore can 
receive but little further attention here. must, however, not fail 
say that the apparently mythical rare gases Pleon and Akron 
table, respectively atomic numbers 108 and 126, have justified 


(Obs.) 
15.4 
13.3 
1.8 
1.65 2.20 
6.60 8.80 
1.65 2.20 
4.95 6.60 
1.65 2.20 
3.30 4.40 
1.65 2.20 
1.65 2.20 
1.65 2.20 
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the cumbrous method then used inferring them, and that they 
clearly point the non-existence the element number 144, just 
whole period elements beyond the ultimate inert gas, Akron. 

The third and fourth proofs the limitation the atomic 
system will now receive detailed statement. They are based 
observations Dr. Hertz and Dr. the first 
resonance potential and the ionizing potential several members 
the sub-group the inert gases. 

One the most important revelations Fundamental 
Periodic has been the constant differences atomic number 
and atomic weight characterizing the sub-groups the elements. 
These constant structural differences atomic number and mass 
have suggested that some the physical properties dependent upon 
atomic structure should also follow changes marked constant 
difference. Accordingly test the accuracy the observa- 
tions the first resonance, excitation, potentials Argon, 
Krypton, and Xenon, was examine the decreasing potentials for 
constancy difference. was fine harmony with the well- 
accredited superior method and great accuracy these observa- 
tions that found, shown column IV. Table I., constant 
difference 1.6 volts. Reference previous work re- 
vealed the fact that the first resonance potential Argon had been 
observed 11.55 volts. The decrease, then, Krypton, 9.90, gave 
difference 1.65 volts, and this difference applied down the sub- 
group the rare gases, column III., resulted the non-existent 
atomic number 144 zero resonance potential, impossible 
atomic number precisely one greater than the ultimate atom, 
number 143. 

Perhaps ought here remind those still believing the au- 
thority the Accepted Periodic Table that valid reason 
assignable for the discontinuous change from elements per long 
period there used. passing must stated that the 
rare gas Astron, atomic number 72, owes its discovery the com- 
pletion Table, August 1918. accord with the early 
prediction Ramsay and many the properties 
Astron have readily been derived from those its congeners. While 
the stellar members the rare gas sub-group can never subject 
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laboratory test, this has not prevented several important proper- 
ties Pleon and Akron from becoming known. 

addition the resonance potentials mentioned, Hertz and 
Kloppers also observed the ionization potentials quoted column 
VI. Here the difference not precisely constant. From the diffi- 
culties encompassing such observations inferred that one might 
fairly divine the probable constant difference, and this attempt 
represented column The assumed constant difference differs 
but one-tenth volt from the first difference which the more 
easily observed with accuracy. was nota little surprised that the 
final issue applying the assumed difference should exactly the 
same the case the first resonance potentials. with the 
slight element hypothesis here entering incline believe the 
absolute validity the resulting ionization potentials column 
set opposite each rare gas the sub-group. Thus incidentally 
the ionization potential each these rare gases exactly pre- 
dicted. And here also deduced the atomic number non- 
element which one greater than number 143 the ultimate atom, 
and for which the ionization potential becomes zero. 

this connection, interesting note that the ionization 
potential Radon, Niton, has been predicted Turner from 
discussion quantum defect 27.5 1.5 volts, and 
use the Accepted Periodic Table, 10.0 0.9 volts. The 
review the atomic radius Radon relation Eve’s rule 
Glockler indicates clearly that there progressive decrease 
the ionization potential, just the Hertz-Kloppers’ observations, 
and interpretation, also show, the rare gas sub-group. The 
interpretation these observations, means Fundamental 
Periodic Table”’ set forth Table I., places the predicted ioniza- 
tion potential for Radon 6.6 volts. This result for Radon, 
well for the ionization potential each the other rare gases 
the subgroup, with confidence submitted any future accurate 
observational test. 

general structural considerations there ought some 
quantitative relation between the ionization potentials and the 
resonance potentials the rare gases. But was not prepared 
find the fact that the ionization potentials column are exactly 
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four thirds times the resonance potentials column III. have 
yet found theoretical reason for this curious ratio, although 
convinced that such should exist. 

The fifth test the validity the derivation number 143 
the ultimate atom has been incidental product the comparison 
the series X-ray mass absorption results Barkla with the 
maximum mass absorption the cosmic rays observed Milli- 
the earlier paper, have already stated the general results 
this comparison means the proportionality the mass 
absorption element the inverse fifth power its atomic 
number. The comparison, all its implications, seems important 
enough merit indication the specific details. 

one has yet, far know, set forth the final explanation 
the physical processes acting the mass absorption X-rays. 
The comparison the mass absorptions mentioned has, however, 
shown that the inverse fifth power law atomic number applies 
with astounding accuracy the case where the X-rays absorbed are 
the maximum limiting frequency each series. The 
Moseley law then becomes absolutely precise, and, simultaneously, 
the law mass absorption the X-rays reaches its five half power 
stage for the same maximum frequency. With these two assump- 
tions, Kaye’s deduction the law the inverse fifth power the 
atomic number becomes thoroughly exact. 

Moseley’s law, used him, the Philosophical Magazine 
1913 and 1914, a), where wave-length, 
however, for the limit frequency becomes accurately 1/N, 
careful examination the best observations the 
series the elements shows that this simple form the Moseley 
law that steadily approached the frequency increases. The mass 
absorption coefficient has been observed vary nearly the five 
half power the wave-length absorbed. It, therefore, valid 
infer that the minimum wave-length this relation becomes exact. 
represents the mass absorption coefficient for water, unit 
density, and the density, the general coefficient For the 
water absorption, the limiting frequencies, But was 
found above that for limiting X-rays the series, and 
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these are used the absorption experiments, the absorption formula 
fifth power law the comparison the mass absorptions terres- 
trial and celestial X-rays, the limiting frequency the series, 
should then proceed with full confidence the precision the 
results. the actual use this law the computation the 
atomic number, 143, the ultimate atom its precision will also 


fully appear. 
TABLE II. 


(2) 

From (1) and (2), (3) 

or N. = N.AC,/C.)'* (7) 


The problem now that comparing the mass absorption 
coefficient the ultimate celestial element, yielding cosmic rays, 
with the mass absorption coefficient each series terrestrial 
elements observed Barkla through use X-rays the 
series, and recorded column IV. Table III. According the 
Kaye-Owen law the mass absorption coefficient element varies, 
shown above, proportionally with the inverse the fifth power 
its atomic number. For simplicity printing, this relation will 
expressed the following plan: represents the highest 
atomic number possible, namely 143, the atomic number the 
terrestrial element whose mass absorption coefficient com- 
pared with that the former, and and respectively, the mass 
absorption coefficient and N,, the law mentioned suggests the 
relations set forth Table II. this Table the fundamental 
relation, (3), between the four given quantities readily assumes each 
the four explicit forms following it. 

The application these relations has produced results which 
are exhibited detail Table III. Column Table III. states 
the accurate atomic numbers the elements here 
under consideration, and, courtesy, the usual erroneous atomic 
numbers Tungsten—Uranium, prefixed. Column IV. repro- 
duces the list, quoted Kaye, Barkla’s observations 1909 
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TABLE 


IV. 


.0017905 


13.517 13.446 146.6 


VI. 


Chromium 15.3 

Iron 10.1 9.055 146.1 

Cobalt 7.96 7.501 7.462 144.8 

Nickel 6.58 6.254 6.221 144.4 

Copper 5.22 5.248 5.22* 142.8 

Zinc 4.26 4.429 4.406 

Arsenic 2.49 2.750 2.736 140.2 

Selenium 2.04 2.356 138.8 

Bromine 1.9 2.049 2.039 140.8 

Rubidium 1.32 1.544 138.4 

Strontium 1.358 1.351 138.6 

Molybdenum 0.81 0.823 0.819 142.5 

Silver 0.46 0.469 0.467 142.4 

Tin 0.35 0.344 0.343 143.5 

Antimony 0.31 0.312 0.310 142.8 

0.29 0.257 0.256 146.5 

Barium 0.26 0.195 0.194 

Cerium 0.248 0.164 0.163 155.3 
Uranium 0.013 0.013 


Cosmium 
Hafnium 


0.049 0.048 
0.042 0.042 


143 Ultine 0.0018 0.0017905* 


and 1912 the mass absorption coefficients, produced the 
series X-rays, for unit density, the elements set opposite. 
this column also the same coefficient utmost value, observed 
Millikan, naturally assumes its place opposite Ultine atomic 
number 143. Column VII. records the calculated atomic numbers 
the ultimate atom derived from the terrestrial absorption 
values column IV. and Millikan’s maximum absorption value 
for the cosmic rays. applying, for example, the cosmic 
absorption value and the absorption value for Copper formula 
number within the theoretical atomic number, 143, the 
ultimate atom. The first sixteen similar results column VI. 
furnish average value 142.6 for the calculated highest atomic 
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number. This outcome discloses not only the approximate pre- 
cision the Millikan observation used, but when all the natural 
uncertainties are considered, the high degree accuracy Barkla’s 
difficult observations. 

Dr. Bohr 1923 theoretically derived the atomic number 137 
for the ultimate atom, and has not submitted his result any test. 
1921 had announced theoretically derived atomic number 
143 the ultimate atom, and have now the foregoing statistical 
test shown the validity the prediction. This result, therefore, 
and itself challenges acknowledgment established fact 
physics. But when the universe wide reality explosive atomic 
transmutation shall become generally known, this outcome need not 
discredited because also has most intimate relations with the 
theory universal atomic volcanism. 

The remarkable deviations value for the computed ultimate 
atomic number which result from the use Barkla’s observations 
the absorption the assumed Barium and Cerium were evidently 
due similar cause, the absorption coefficient for Barium being 
about .07, and that for Cerium about numerically too large. 
noteworthy that the time these absorption observations 
the next heavier elements the Cerium and Barium sub-groups, 
now known respectively Hafnium and Cosmium, were wholly 
unknown. The fact that atomic volcanism, the explosive trans- 
mutation atoms the sub-groups, should produce natural 
commingling elements sub-group, condition probably 
responsible for the inexact estimates Barkla, was also wholly 
unknown. 

The foregoing success computing the ultimate atomic number 
high degree approximation led the use the same Milli- 
kan value deriving the theoretical mass absorption 
coefficients column This calculation was extended the 
heavier elements for the series for which the absorption has not 
yet been observed. And was simple step derive also the 
absorption for the newly discovered elements, Hafnium and Cos- 
mium. illustrative this theoretical derivation, the Copper 
coefficient, with use formula (5) Table II., becomes 
5.248. 
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The next step was, course, assume the mass absorption 
coefficient Copper, observed Barkla, accurate, and 
with use the ultimate atomic number, 143, formula (4) 
Table II., find that .0017905. This 
theoretical maximum mass absorption coefficient for the series 
the X-rays differs from the Millikan value but .oooor, 
and emphatically approves the high accuracy the recent American 
experimental work the cosmic rays. 

Both from experimental experience, and from the results this 
discussion, Copper has been shown eminently fitted for 
special determination its mass absorption coefficient the highest 
degree accuracy. With the Copper coefficient brought the 
highest precision would possible easily thus secure satis- 
factory derivation the mass absorption coefficients all the 
elements known and unknown. The coefficients the elements 
here considered, recorded column VI. Table III., have been 
derived use the above maximum coefficient based upon Copper 
5.22 Barkla. They are probably the most accurate available 


for these elements. should, hence, interesting make 
detailed comparison these results column VI. with those 
columns IV. and 


That, hitherto, there has been theory means which the 
experimental values the mass absorption coefficients could 
tested shown the incidental manner which Bragg 
and Bragg the latest edition their classical work have 
quoted Barkla’s Table 1909, recording the erroneous value 
0.41 for the mass absorption coefficient Silver, instead the more 
accurate value 0.46 for the same element given Barkla 
1912. Barkla’s papers show the early difficulty encountered 
Silver, and the justice the later correction. Kaye, indeed, has 
understood Barkla’s preference for 0.46 and incorporated his 
list coefficients. is, therefore, significant that with use 
ultimate atomic number 143, and the absorption coefficient 
.0018 Dr. Millikan, the result for Silver found Table 
0.469, and with use the same ultimate atomic number and 
the computed ultimate absorption coefficient dependent that 
Copper 5.22, the result for Silver 0.467. Both these values are 
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close agreement with the value 0.46 Barkla, and, therefore, 
the test this theory seems justified. The value 0.41 for the 
mass absorption coefficient Silver having thus been shown 
erroneous, needs further perpetuation. 

The application which has here been made the atomic number 
143 the ultimate atom the elucidation the nature the 
cosmic rays could not have produced decisive result but for the 
remarkable accuracy with which Millikan has determined the mass 
absorption coefficient the most penetrative these penetrative 
rays. was indeed also the other complex and logical work 
these rays that placed Millikan first the long line investigators 
furnish not merely hypothesis of, but irrefragible proof of, 
the cosmic origin, and the all-sided celestial approach this notable 
radiation. And yet despite the precision and conclusive character 
Dr. Millikan’s investigations, providing unequivocal evidence 
the cosmic origin the long-discussed penetrating rays, the cloud 
historic uncertainty still persists the recent German discussions 
Hoffmann and claiming these rays radio- 
active character. also, reviewing these discussions, and 
the work Millikan and associates, paper Die Ursprung 
der does not seem appreciate the finality the 
assignment these rays celestial origin, else his title would not 
have doubtfully dealt with origin the sky-rays,” nor his 
closing words emphasized the unknown nature these rays. 

Profound recognition is, indeed, accorded the painstaking 
balloon work Gockel, Hess, and not- 
withstanding the degree indefiniteness which had cling the 
deductions from these observations. And nothing less than pro- 
found recognition accorded the host observers and theo- 
rists, who from every angle for quarter century have studied 
this strange penetrating radiation search final solution. 

now, however, enough know that Millikan has proved 
these rays cosmic origin, and invariable day and night, 
proved their terrestrial transformation consonance with the 
Compton effect, and, besides, determined their maximum mass 
absorption coefficient with such precision that has permitted com- 
plete identification the nature and intimate origin these cosmic 
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rays, ultimate X-rays the series, due the ceaseless atomic 
volcanism, the explosive transmutation heavy atoms, the 
stars. 

The theory atomic volcanism unwillingly and yet neces- 
sarily injected into these papers cosinic rays and the ultimate 
atom should receive due criticism when has achieved the publi- 
cation sought unit investigation. But since atomic volcanism 
historically associated with discovery and proof the ulti- 
mate element, and since have naturally pointed logic which 
largely effective only through unpublished investigations, must 
not supposed that this unfortunate necessity suggests more than 
preliminary toleration the theory universal atomic volcan- 
ism. The tie between the ultimate element and this theory was 
too intimate wholly ignored, and yet the ultimate atom may 


considered with regard its own independent claims. 


The atomic number 143 having been shown belong the 
ultimate atom, follows that the development Fundamental 
Periodic that responsible for its suggestion, has 
rightful claim validity. Since this final atomic number appears 
the close the table, and only consequence the special order 
its development, there reason regard this order the true 
order nature. The atomic number 143 belongs the Chlorine 
sub-group, and the seventh Chlorine analogue, each which 
the atomic number Chlorine there added the times 
atomic numbers the other elements the Chlorine sub-group, the 
result number 143 for the last and most remarkable all the 
atoms. 

Returning still further into the history the subject, 
noted that was discovery 1904 the distributive force 
nature, which call Atomic Volcanism, that led the solution the 
Periodic Problem the atoms 1918, and thence the inference 
and publication, 1921, second copyrighted Periodic Table, 
the atomic number 143, marking the ultimate atom. 

This paper reviews five different methods inferring and deriv- 
ing the ultimate atomic number 143 guided solution the 
Periodic Problem the elements, two these being based the 
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Hertz-Kloppers’ observations resonance and ionization potentials 
rare gases, the fifth computing this number approximately com- 
parison the highest mass absorption coefficient the cosmic rays 
with sixteen terrestrial coefficients means the law the inverse 
fifth power variation the atomic number. Attention drawn 
the simultaneous accuracy the Moseley law and the five half 
power law absorption the convergence the series X-rays 
here considered. method shown utilizing the ultimate 
atomic number computing the mass absorption coefficients the 
elements. The ultimate atomic number its relation the most 
penetrating the cosmic rays is, under the physical laws and ob- 
servations hand, shown certify these rays represent the con- 
vergent radiation the series X-rays. That these rays are 
due the continuous explosive transmutation the atoms, 
atomic volcanism, the stars, inference supported un- 
published investigations. 


PHILADELPHIA OBSERVATORY, 
CENTRAL SCHOOL, PHILADELPHIA. 
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FURTHER STUDIES THE ALLOTROPHY 
GERMANIC OXIDE. 


JOHN HUGHES MULLER, 


(Contribution from The John Harrison Laboratory the 
University Pennsylvania.) 


Within the past several years has been recognized that germani- 
dioxide can obtained least two distinctly different modi- 
fications, one which insoluble water and decidedly inactive 
toward aqueous solutions both acids and alkalis, and the other 
soluble form which possesses all the properties commonly known 
for this metallic oxide. the same time, recent investigation has 
also disclosed the probable existence two forms the soluble 
oxide, but yet method has been devised for their isolation.* 

brief summary the work already carried out the allo- 
trophy the oxide follows: 

Germanium dioxide aqueous solution when carefully evap- 
orated yields residue which partly converted insoluble form 
heating any temperature between 225° and the melting point 
which lies near The major portion oxide treated, 
however, remains soluble pure water, and may removed 
from the insoluble fraction repeated extraction the residue with 
hot water. 

The insoluble fraction, when heated above the melting-point, 
converted into meta-stable glass which easily and completely 
soluble pure water. 

Study the yields insoluble oxide under different conditions 
preparation indicated that the temperature maximum velocity 
transformation the soluble the insoluble form was about 
380° 

When the time heating the soluble oxide was varied con- 
stant temperature, the yield insoluble oxide increased such 

and Blank, Amer. Chem. Soc., 1924, 46, 11, 2558. 
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manner indicate that the conversion could never reach per 
cent., and for this reason and because the yields varied greatly with 
different preparations the oxide (by evaporation), seemed 
probable that three allotropic forms exist and that the oxide obtained 
evaporation aqueous solutions really mixture two soluble 
forms, one which has easily measurable velocity transforma- 
tion, while the other either does not change all does 
scarcely measurable rate. 

The glassy form oxide prepared heating any preparation 
the oxide above the melting-point (1100° C.), possesses 
definite melting-point but true glass. softens far below the 
melting-point any other form the oxide, and completely 
soluble water. Samples this glass have been preserved since 
the foregoing investigation and have spontaneously devitrified 
opaque white glass resembling porcelain. This also completely 
soluble. 

The insoluble form oxide which can conveniently called the 
alpha stable form chiefly distinguished its extraordinary in- 
ertness toward alkalis and acids, especially its inactivity toward 
hydrofluoric acid which dissolves any other preparation the oxide 
with hissing noise and evolution much heat fact noted 
Kriiss and Nilson early 1887). After fusion the inert alpha 
form, all the commonly known properties the oxide are regained. 

The following paper consists mainly further study the 
comparative properties the several forms germanium dioxide 
with special regard-to the following 

(a) Preparation specially purified germanic oxide, from which 
single stock pure material all the insoluble alpha form was 
prepared considerably larger quantity than previous experiments. 

this operation was also deemed advisable prepare the 
oxide from entirely different source order find out whether 
the formation the insoluble modification had been influenced 
the presence some unknown constituent the original zinc oxide 
residues which had been previously used the source germanium. 

(b) Preparation workable amounts insoluble oxide which 
given sample the soluble form shown capable complete 
transformation the alpha form repeatedly fractionating off 
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successive yields the latter from the same sample the oxide until 
the residual soluble oxide had been reduced very small fraction 
initial amount. 

(c) Solubility the insoluble alpha oxide. 

(d) Determination the densities the several forms oxide. 

(e) X-ray spectral examination various preparations the 
oxide which may regarded definite proof allotrophy the 
part germanium dioxide. 

The spectroscopic data and interpretation the same are 
entirely due the work Dr. Wyckoff the Geophysical 
Laboratory the Carnegie Institution Washington, C., 
whom the writer deeply indebted for his kind 


PREPARATION MATERIAL. 


The germanium dioxide used all the experiments here de- 
scribed was obtained from smithsonite ore from Livingston County, 
Kentucky. The ore itself low germanium content, but con- 
siderable amount germanium oxide crude state was obtained 
from large volumes zinc sulphate mother liquors which came from 
this source, the same having been prepared from waste zinc oxide 
which was converted sulphate mainly for the recovery its 
germanium content. The recovery germanium from smithsonite 
ore from this locality has been described detail previous 

Starting with fairly high grade germanium dioxide contain- 
ing only small amount arsenic and perhaps traces other metals, 
the following procedure was carried out for complete purification. 
The oxide was dissolved large volume hot water, and after 
addition hydrochloric acid six normal concentration, the whole 
was converted sulphide. The sulphide precipitation was carried 
out such way discard the first fractions sulphide thrown 
down hydrogen sulphide, for the small amount arsenic present 
showed strong tendency concentrate these fractions. The 
combined masses white sulphide were converted the ammonium 
thio-salt dissolving dilute ammonia and ammonium sulphide, 
and the dilute solutions the latter were carefully acidulated with 
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dilute hydrochloric acid which the easily decomposable thio-ar- 
senate was converted sulphide and the much more stable thio- 
germanate mostly escaped decomposition. The filtrates were then 
treated with enough concentrated sulphuric acid produce about 
six normal concentration acid, and after saturation with hydrogen 
sulphide under pressure, masses pure white germanium sulphide 
were filtered off and washed. This fractionation, first described 
Truchot, Les Terres Rares,” was repeated several times, and the 
sulphide obtained was then introduced into water and boiled effect 
hydrolysis and elimination much the sulphur hydrogen sul- 
phide. The mass was then treated with nitric acid, and frequent 
remoistening with the same, followed ignition, the whole was con- 
verted oxide. This oxide was converted the tetrachloride 
distillation presence constant boiling hydrochloric acid 
current chlorine, and the chloride obtained was hydrolyzed 
collecting receivers containing water. The major part the oxide 
separated white crusts from the diluted acid the receivers and 
was filtered off buchner funnels and washed with cold water. 
Much germanium, course, remained the acid filtrates, but 
should noted that these were discarded less pure fractions, while 
only the solid fractions separating from the hydrolysing chloride 
were used for the preparation the final product. The product 
this hydrolysis the tetrachloride may considered free from 
arsenic and could not have contained any impurities other than small 
amounts chlorine due incomplete decomposition. should 
borne mind that the original fractionation the sulphide 
partial decomposition the mixed thio-salts was continued until 
test for arsenic could obtained the selected germanic sul- 
phide, using method previously described the writer for detect- 
ing small amounts this common contaminant germanium prep- 

The chlorine present the washed hydrolyzed oxide was de- 
tected treating the acidified aqueous solution gram sample 
with silver nitrate, and the bulk oxide was then repeatedly treated 
with water, followed evaporation dryness and ignition. The 
removal the last the chlorine was long and tedious operation, 
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but was considerably aided igniting the oxide current super- 
heated steam until the escaping steam condensation gave 
further test for chloride. The oxide was then ignited and finally 
dissolved water, filtered remove small residue insoluble 
oxide, and the solution was evaporated dryness platinum dish 
steam-bath. 

should noticed that the complete dehydration this final 
yield oxide was not undertaken, the high temperature required 
effect the expulsion all water results partial conversion 
the insoluable alpha form. 

For this reason the mass oxide was dried 100° 105° 
air, removed from the platinum dish, and after powdering 
agate mortar, was preserved this condition. The final yield 
purest material amounted about grams and was exclusively 
used for all the following experimental work. 


PREPARATION ALPHA INSOLUBLE OXIDE. 


portion the pure soluable germanium dioxide, prepared 
above described, and weighing 11.3420 was dissolved about 
1,500 cc. water contained well-seasoned pyrex flask. Solu- 
tion was slow but complete after number hours heating the 
boiling-point. The clear solution was decanted, about one-quarter 
liter portions, into weighed platinum dish and there evaporated 
dryness after complete transference the solution the platinum 
vessel. The dish was then heated electric oven the tem- 
perature maximum velocity transformation for some hours 
(See Table 1). The dish was then re-weighed, giving total oxide 
dried this temperature. The dish and contents were then intro- 
duced into two-liter pyrex beaker and digested with about 1,500 cc. 
water which was maintained near the boiling-point for sev- 
eral days. cooling and allowing settle for some time, the clear 
supernatant liquid was syphoned off from the dense residue un- 
dissolved oxide, using small alundum syphon filter constructed 
small alundum thimble and mm. bore glass syphon tube at- 
tached. Most the clear solution was removed without disturbing 
the mass oxide the bottom the beaker. The syphon was then 
raised out the beaker and the residue again treated with large 
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volume water, repeating the heating and use the syphon until 
nearly all the soluble oxide was removed. The residual insoluble 
oxide was finally transferred cm. filter paper and was thor- 
oughly washed with boiling water, after which the major part 
was washed from the filter paper into weighed porcelain crucible 
(100 cc.). This operation gave two portions insoluble oxide— 
far the greater amount together with water the weighed crucible 
—and small amount remaining attached the filter. These quan- 
tities were determined separately, the first simple evaporation and 
ignition, and the second slow charing the filter paper, with 
frequent moistening with nitric acid, and final ignition oxide. 
this way was possible save most the insoluble oxide through- 
out the series experiments without introducing the ash filters 
the products the reducing action the same upon the insoluble 
oxide. 

The combined syphonates and wash-waters were collected 
large pyrex beaker which the volume the solutions was reduced 
rapid evaporation. After this, the solution was transferred the 
same weighed platinum vessel for recovery the soluble fraction 
oxide. The whole operation above described was then repeated with 
the evaporated oxide,” again fractionating off the yield insoluble 
oxide, produced again heating the temperature maximum 
velocity transformation. 

seen the table which follows, 11.3420 grams completely 
soluble oxide starting-point was converted 10.5678 grams 
insoluble oxide, representing 93.17 per cent. the initial quantity. 
careful examination the remaining soluble fraction which 
weighed 0.7909 grams failed show any chemical difference existing 
between this oxide and sample taken from the combined yields 
insoluble oxide, for when the latter was fused glass and subse- 
quently dissolved water, the solutions both possessed identical 
properties. 

From the results shown Table appears that highly purified 
germanic oxide can converted the insoluble modification 
dissolving the soluble form the oxide water, evaporating dry- 


ness and exposing the residue temperature 350° 400° 


for some hours, finally extracting the unconverted fraction re- 
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TABLE 


No. Soluble Insoluble Heat- Insoluble Conditions Evaporation 


Oxide, Form, ed. Oxide Aqueous Sol. 
gms. gms. Formed. 
11.3420 1.3230 11.66 water bath 
10.0635 0.4926 120 Rapidly boiled till dry 
plat. dish. 

9.5700 0.4807 5.11 Same (2). 
5.9400 0.9000 18.52 Constant temp. 60° 
4.8963 0.5379 10.98 Constant temp. 
4.3700 0.6840 11.08 Water-bath about 90°. 
3.6890 0.5756 15.60 Slowly bath 80°. 


10.97 Water-bath 90°. 

16.00 Water-bath 80°. 

20.44 Water-bath about 75°. 

21.48 Constant temp. 

19.16 Constant temp. 50-55°. 

16.42 Constant temp. 
6.61 Constant temp. 
3.33 Dried 95° for days. 

20.10 Constant temp. 


3.1120 0.3416 
2.7700 0.4435 
2.3243 0.4751 
1.8460 0.3966 
1.1662 0.1913 
0.9680 0.0640 
0.0304 
0.8759 0.1760 
0.7909 


10.5678 |Total insoluble oxide =93.17% 


peated treatment with hot water. regulating the temperature 
which the initial evaporation the aqueous solution takes place, 
possible convert about one-fifth the total residue soluble 
oxide the insoluble form. The best yields were obtained 
evaporation low temperatures and then suddenly raising the resi- 
due the temperature maximum velocity transformation— 
about 380° 400° From the widely differing percentage yields 
obtained, evident that the conditions under which the evaporation 
germanic oxide solutions are carried out greatly influence the effect 
the final heating these residues. (Observe experiments 
16, and 17, compared with the much higher yields the insoluble 
oxide all cases where evaporation was carried out lower tem- 
peratures. 

several experiments (not shown the table), which the 
solutions oxide were driven rapidly dryness violent boiling 
the yields insoluble oxide became negligible quantity—the 
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finely divided non-adherent oxide produced remaining the water 
soluble condition. 

important note that single sample oxide can prac- 
tically all converted the insoluble form repeating the process 
upon the constantly decreasing yields soluble fractions. the 
case hand, the combined insoluble fractions obtained eighteen 
operations amount 93.17 per cent. the starting product. Frac- 
tionation was not continued beyond this point because was advis- 
able compare the properties the remaining small amount 
soluble oxide (0.7909 g.) with the insoluble oxide prepared from it. 

For this purpose approximately the same weight insoluble 
oxide from the combined insoluble fractions was taken, and after 
fusing glassy mass 1100° 1200° platinum boat, was 
dissolved water. Portions this solution were compared with 
the solution the soluble fraction, working with aliquot portions 
each solution the same concentration. Both these solutions 
showed exactly the same behavior with all the reagents commonly 
used for the detection and estimation germanium, and hence must 
have been chemically identical. The use the spectroscope, how- 
ever, did indicate appreciable amount sodium and trace 
potassium the solution prepared from the soluble oxide residue, 
while only traces sodium and potassium could found that 
prepared from the solution the melt from the insoluble form. 
This was doubtless due the long-continued evaporation the 
solutions soluble fractions pyrex vessels. 


SOLUBILITY THE ALPHA GERMANIC OXIDE. 


The total yield insoluble germanium dioxide from the above 
described experiments amounted 10.5678 which 9.2229 
had been obtained free from filter ash other impurity. The latter 
amount was placed pyrex flask fitted with ground pyrex return 
condenser attachment and treated with boiling water for period 
covering several weeks remove traces soluble oxide. The diges- 
tion was continued until 100 cc. portions filtered supernatant liquid 
showed the same amount dissolved oxide. The residual mass was 
then thoroughly washed with boiling water and washed from the 
filter into silica dish which the mass oxide was brought 
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dryness. All the water used was thrice redistilled, using block 
tin condenser, distilling first from alkaline permanganate, then 
presence little sulphuric acid, and finally alone. The first por- 
tions distillate were course rejected. 

About the insoluble oxide were placed well-seasoned 
pyrex flask about 250 cc. capacity and digested with water for 
over two weeks thermostat. The temperature was kept 
25.0° C.) with continuous Just before tak- 
ing off samples the filtrate the agitation was discontinued, and 
after the dense undissolved oxide had settled, about 200 cc. were 
syphoned off through dry filter and caught stoppered bottle 
known weight. The solution was weighed and then evaporated 
dryness platinum and the residual oxide weighed after ignition 
full redness. 

The solubility the same oxide was determined 100° 
much the same manner, with the added requirement steam 
jacketed filter and syphon for the removal the solution 100° 
Results were follows: 

100 water 25° dissolve 0.00045 oxide 0.0000.2). 

100 water 100° dissolve 0.00117 oxide 0.00002). 

From the above results will noted that the alpha form 
germanic oxide about 1000 times less soluble than the soluble 
modification, and like the latter, about doubles its solubility between 
the ordinary temperature and the boiling-point water. 


DENSITIES DIFFERENT GERMANIC OXIDE. 


The densities the various forms oxide were determined 
through the use anhydrous toluene, prepared distillation the 
latter over sodium and redistillation the anhydrous liquid alone. 
The complete insolubility all three forms oxide toluene had 
been previously established allowing the oxide samples remain 
toluene for several days and subsequently evaporating cc. por- 
tions the filtered liquid dryness platinum. weighable 
amount residue was obtained. 

Three forms oxide were obtained follows: Eight grams 
the insoluble oxide were ground agate mortar until thoroughly 
mixed and divided roughly half. One-half was then dried 
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constant weight about 400° and used for determination the 
density the insoluble modification. 

The other half was fused clear glass 1350° 1400° 
capsule made thin platinum foil, after which the rapidly colled 
glassy oxide was obtained single piece stripping off the 
platinum foil. The clear glass was then reduced powder 
diamond mortar. This was used for determination the density 
the glass. The oxide used the above experiments was recovered 
almost entirely pouring off the toluene from the pyknometer 
each case and mixing and fusing the recovered oxide glass after 
which the yield was again divided half and used for the prepara- 
tion the “evaporated” and hydrolyzed” forms the oxide. 
For this purpose one-half the fused glassy form was placed 
pure water which was completely soluble, and the aqueous 
solution was evaporated platinum dryness 80° and 
finally 150° 200° air oven. (Higher temperature 
could not used because the formation more less the 
insoluble form.) 

The other half the glass was placed distilling bulb under 
little per cent. hydrochloric acid, and the mixture distilled 
about 100° allowing little hydrochloric acid gas enter the 
flask from time time. this way most the germanium passed 
over tetrachloride below the boiling-point the acid the bulb, 
and the oily tetrachloride was caught receiver containing pure 
water. The major part the germanium separated the hy- 
oxide, the white crusts which were removed filtra- 
tion. The solid mass obtained was washed with little cold 
water and finally dried 100° C., remoistening and drying several 
times, followed re-evaporation 150° 200° C., the case 
the evaporated oxide. This was used for determining the density 

The following results express the means two determinations 
for each form the oxide: 


° 
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From the above results seen that the stable alpha modifi- 
cation not only conforms the expected property possessing 
greater density than any metastable form the same substance but 
that this value 6.0039 not far from double the density the 
metastable glassy form which was produced simply melting the 
same sample. 

The other two preparations were before stated prepared from 
glassy (fused insoluble oxide), subsequently dissolving water 
and evaporating dryness distilling off the tetrachloride into pure 
water from hydrochloric acid. 

thus evident that all these forms can obtained from the 
same mass insoluble oxide and that their respective densities are 
distinctly different from each other. 


X-Ray Spectroscopic EXAMINATION. 


Samples alpha, hydrolyzed,” evaporated,” and glassy ger- 
manium dioxide above obtained, together with similar preparations 
which had been prepared and Blank about three years 
previously, were examined Dr. Wyckoff the Geophysical 
Laboratory, Washington, The X-ray spectrographs obtained 
appear order follows: 


Alpha germanium dioxide (insoluble form). 

(b) Germanium dioxide prepared melting the alpha form (1100° 
1200°), dissolving the melt water and distilling off the 
tetrachloride into water, washing the solid product hy- 
drolyzed oxide, drying 105° 

(c) Evaporated oxide made fusing the alpha form and evap- 
orating its aqueous solution dryness water-bath, finally 
drying 105° 

(d) Glassy form prepared fusing the alpha form. 

(e) Old sample glassy oxide which had spontaneously devitrified 
after over year standing. 

(f) Old lot hydrolyzed oxide after about three years’ standing. 

(g) Old lot oxide after about three years’ stand- 
ing. 


‘ 
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the above diffraction patterns, quoting the interpretation 
Dr. Wyckoff, except (a) and (d) appear identical both the 
position and the relative intensities their diffraction lines.” 
“The five preparations the soluble oxide—(b), (c), (e), 
and (g)—are essentially crystalline, and consist the same modifi- 
cation germanium dioxide. These might, course, composed 
two more modifications present practically the same relative 
proportions.” 

“The powder photograph from sample (a) totally different 
from that given the five preparations just mentioned, and there- 
fore the structure this, the alpha form, totally different from 
that the soluble form.” 

The photograph sample (d) shows more less uniform 
blackening without evidence diffraction lines. This was taken 
from the sample the insoluble alpha form after fusing 
esting because shows the effect the spontaneous devitrification 
the same glass long standing and likewise shows that the 
devitrification results formation the same pattern that 
the soluble modifications and not that the alpha form. 

From these considerations and the foregoing data interesting 
note that any sample germanium dioxide, soluble insoluble, 


may converted true glass much lower specific gravity than 


the original sample simply fusing the oxide any temperature 
above 1100° and that this metastable glass may then dissolved 
water and subsequently converted either the alpha form 
metastable soluble modification, both which are shown 
crystalline but different structures respectively. 

has already been mentioned that third crystalline form 
germanic oxide probably exists which soluble water and far 
not separable from the soluble oxide preparations obtained evap- 
orating aqueous solutions germanic oxide. This follows from 
the peculiar fact that different conditions the temperature evap- 
oration before finally raising the oxide the temperature maxi- 
mum velocity transformation results widely varying yields 
the alpha form from single sample the oxide. 

third form does exist, method has been devised which 
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such soluble forms may separated, but possible prepare 
two samples the soluble oxide evaporating under conditions 
which favor maximum yield the alpha form and under those 
conditions favoring negligible yield the same, and then subject- 
ing these evaporated oxides spectral examination before 
they are heated transformation temperature. This may show that 
the photographs, (B), (C), (F), and (G), represent the com- 
bined patterns these two forms, and the same time disclose the 
existence trimorphism the case germanium oxide which 
would analogous the familiar behavior titania, seen 
rutile, anatase and brookite. Examinations such preparations 
soluble germanium dioxide are now being made Dr. Wyckoff, the 
results which will appear the near future. 


SUMMARY AND CONCLUSIONS. 


Germanium dioxide high state purity can converted 
insoluble alpha modification, remarkably inert toward all 


those reagents which are commonly reactive with the previously 
known oxide. 


The preparation germanium oxide from widely different 
sources does not have any influence the preparation the alpha 
insoluble oxide. 

The solubility the alpha form has been determined. 

The densities the alpha form, the fused oxide glassy 
form, and several other preparations soluble germanic oxide have 
been determined. The alpha form far the most dense form 
the oxide, possessing density 6.0039 compared with 3.3037 
for the glassy fused oxide. 

Through the kind Dr. Wyckoff the 
Geophysical Laboratory, Washington, the various preparations 
oxide have been examined. Their x-ray spectrographs show the 
alpha form totally different diffraction pattern from any 
form the soluble oxide. 


PHILADELPHIA, 
April 23, 


THE METABOLISM URIC ACID. 


WITHROW MORSE, B.Sc., A.M., 


Professor Physiological Chemistry and Toxicology, Jefferson Medical 
College, Philadelphia. 


INTRODUCTION. 


Uric acid interest least two groups students: 

the biologist: later paragraphs will show, uric acid 
important product substances the nuclei cells. The 
chemist. 

the physician: Uric acid enters into the interest the 
medical student different ways: 

(a) used diagnosis certain lesions connected with the 
kidney. Thus, bichloride poisoning, uric acid not passed into 
the urine from the blood, but the term used and 
the degree retention measure the damage the kidney. 

(b) doubtless intimately involved gout and may the 
cause this disease. 

(c) found kidney stones and for this reason holds 
important place urology. 

(d) Its insolubility body fluids, slightly changed from the 
normal, probably responsible for its deposition the blood- 
vessels old age. Since uric acid and its salts, the urates 
sodium and ammonium, are soluble alkali, certain waters, called 
etc., have been sold and 
hydrotherapeutic sanitaria have long been sought sufferers from 
kidney diseases. The fact that the Government has suppressed 
advertisements such waters cures for uric acid diseases indicates 
that this function held disrepute. 

Slides were shown during the presentation this paper showing 
advertisements well-known, standard journals published 
Europe, proving that such restrictions are not imposed abroad. 


’ 


have said that uric acid product the metabolism the 


nuclei the cell. The question remains, what substances are used 
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the body making the chromatin (nucleoprotein)? There are 
three chief substances chromatin, leaving aside protein, namely 
(1) phosphoric acid, (2) glucose and (3) two sorts nitrogenous 
substances, one which gives rise uric acid when burned. 
should look, then, for substances the body containing these three 
materials, from which they could derived. Such substance 
realized lecithin, phosphorized fat occurring active cells; 
the structure lecithin, compared with that nucleic acid, the 
acid nucleoprotein, which salt, protein being the basic part, 
shown the following scheme: 


Lecithin contains: Nucleic acid contains: 
Phosphoric acid. Phosphoric acid. 
Organic substances: Organic substances: 
Glucose-derivative (glyc- Glucose-derivative, 
erol). glucose itself. 
Nitrogenous substances: Nitrogenous substances: 
Cholin, (1) Pyrimidin. 
ammonium hydroxide. (2) Purin (precursor 


uric acid). 


THE COMPOSITION ACID. 


order show the manner which the chromatin the cell 
composed, necessary resort the following diagrams: 
Nucleoprotein 
having, all salts do) 


Basic part Acid part 
Protein. 
simple protein Nucleic acid 
like protamin) (Composed 


Nucleotid 
Nucleotid 


Nucleotid III 
Nucleotid 
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Each nucleotid linked with its fellow simple oxygen bond. 
Each nucleotid, its turn, composed follows: 


Phosphoric 


Nitrogenous 
Glucose 
acid substance. 


possible remove the phosphoric acid, which case, one has 


Nitrogenous 
substance. 


Glucose 


Finally, one may cleave the nucleosid and obtain the nitrogenous 
substance free from glucose. the purins which occur the cell, 
there are two, namely, adenin and guanin. partly 
oxidized, adenin not all, while uric acid has three atoms oxygen: 


Adenin 


The conversion cell-purins into uric acid done means 
enzymes which first cause the loss nitrogen (compare the amount 
nitrogen uric acid with that adenin, guanin); secondly, 
they cause the oxidation the remainder the purin; this causes 
the formation oxy-purins. From adenin, the oxy-purin, hypo- 
xanthin formed; from guanin, xanthin. Xanthin may form, also, 
from hypoxanthin. The relations with uric acid are follows: 


Hypoxanthin 


The enzymes causing the loss nitrogen ainases’’) are found 
all tissues, but the ones causing the oxidation adenin hypo- 
uric acid occur only the liver. Hence the liver the organ 
which uric acid made. 
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Uric ABNORMALLY. 


One disease particular intimately connected with uric acid 
metabolism, namely, gout. the United States, gout does not 
occur frequently does Europe and especially the British 
Isles. tentative reason may the prevalence chilling winds, 
laden with dampness; for known that such conditions, which 
the body heat rapidly withdrawn the excess moisture the 
air, are augmentative perhaps more potent reason 
that alcohol taken with meals tends cause retention uric acid. 
the United States, alcohol used, when used all, beverage 
and not taken with meals frequently Europe. order 
account for gout, necessary show that there increased 
amount uric acid the blood, from some source. The excess 
uric acid injures the kidney tissue and that organ, which normally 
responsive changing amounts the acid the blood, becomes 
irresponsive. Folin has shown, excess uric acid, for instance, 
when injected artificially into the blood, causes swelling and other 
pathological states the kidney. Eating meat, free from sub- 
stances with large proportion nuclei the cells, tends cause 
uric acid lost from the body the urine. Such substances 
the following contribute the uric acid the body: 

Sweetbreads, liver, steak, veal, ham, chicken, beans, lentils. 
The following are low uric-acid-producing substances: 

Fish, potatoes and vegetables other than legumes. 

Uric acid deposited the kidney, bladder and ducts belonging 
the urinary system. These deposits are called While 
alkalies, have said earlier, dissolve uric acid and its salts 
outside the body, the solutions must such strength that they 
injure the tissues the body when injected into the body for the 
purpose dissolving the calculi. Hence quite improbable that 
the medicinal waters aid the cure uric acid stones. Nor 
possible correct for uric acid abnormalities keeping the urine 
alkaline state, may done the administration fruits 
and fruit-products. Moreover alkaline urine conducive the 
development bacteria. 
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problem physiology has been quite baffling that 
concerning the disappearance uric acid. was questioned for 
time whether any destruction the substance occurred the 
human body. Experimental proof seemed show that man and 
the higher apes resembled one another that they did not destroy 
uric acid. Now, however, seems certain that uric acid destroyed 
the body and especially the blood. has been known for 
some years that uric acid may converted with comparative ease 
into somewhat similar substance, allantoin, causing uric acid 
become oxidized under controlled conditions. uric acid 
minus molecule carbon dioxide; that is, the acid has lost one 
carbon atom. The excretion allantoin various animals was 
intimately studied Andrew Hunter and reported the Pro- 
ceedings the Royal Society Canada. Allantoin decomposed 
into urea and excreted such into the urine. 


FOR ALLANTOIN. 


order follow the destruction uric acid has been hitherto 
necessary resort quantitative method, requiring prolonged 
interval time and many manipulations. test, readily applied, 
has been described. The Wiechowski method involves such long 
time that its use limited. desideratum reliable quali- 
tative and quantitative test recognized everyone and there has 
been much work directed towards deriving such methods. 

The writer, taking advantage familiar procedure, known 
the test Adamkieviczs, proposes the following method for 
recognizing allantoin: Conversion allantoin into urea and 
glyoxalic acid and conjugation the latter with indol substance 
form colored compound readily recognized. The equation 
representing the conversion allantoin into the two substances 
mentioned follows: 


H—N—C—O—H NH, 

NH; 


Allantoin Glyoxalic acid Two ureas. 


| 
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The glyoxalic acid then conjugated with indol, commercial 
preparation, form colored substance, indicative allantoin. 

The test does not lend itself adaptation quantitative 
method, although for rough approximations may used. 

hoped this other qualitative and quantitative method 
follow the destruction uric acid and the disposal the products. 
Perhaps, then, means can found for artificially causing the 
destruction uric acid pathological states. 


THE NEWER KNOWLEDGE THE PHYSIOLOGICAL 
ACTION ULTRA-VIOLET RAYS. 


ALFRED HESS, M.D., 
New York. 


The essential importance ultra-violet rays medicine has 
just begun appreciated. The action these rays, distinct 
from the visible radiations the sun, has been known for many 
years, but physiologists have only recently become fully alive 
their significance relation normal and pathologic conditions 
man. This all the more surprising view the fact that plant 
physiologists have laid great stress the the invisible 
rays the sun the biologic processes the vegetable 
world. Some twenty years ago, the physiologist Hertel carried out 
striking experiments this field, which demonstrated the marked 
abiotic power ultra-violet rays—their ability destroy bacteria 
within period sixty seconds. About the same time, Finsen 
showed that the improvement cure lupus could brought 
about means irradiations from the carbon arc lamp, and that 
this remarkable effect was due the ultra-violet rather than the 
visible radiations emitted from this source. Rollier’s excellent 
results cases bone and glandular tuberculosis exposing the 
body the sun have likewise been attributed largely the ultra- 
violet rays. However, these various experiences failed focus the 
attention biologists this aspect physiology. was not 
until could shown objectively man and animals, means 
the roentgen ray and chemical analyses the blood, that 
nutritional disturbance—rickets—came about the result lack 
the ultra-violet solar rays, and could turn regularly pre- 
vented cured these irradiations, that their importance 
physiologic and pathologic processes was fully appreciated. 

These rays constitute less than per cent. the total solar 
radiations, and therefore all the more remarkable that they 
should prove essential the well-being man. The young, 
rapidly growing infant thrives better when deprived the visible 
rays than when deprived the ultra-violet rays the sun. 
illustration another field what have recently become sensible 
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regard nutrition—the lack relationship, one may almost 
say the inverse relationship, between abundance supply and the 
indispensability food constituents. The vitamines furnish 
striking example this principle. The law the vital importance 
the minimum applies the radiations the sun—those rays 
which are furnished smallest amount and least intensity are 
nevertheless indispensable. 

What known regarding the action these short radiations may 
summed few words. has been repeatedly shown that 
they possess exceptionally little power penetration; that the 
dust the moisture the atmosphere suffices absorb the shorter 
ultra-violet rays and prevents from reaching the surface the earth; 
that mist, fog and smoke intercept their progress greater less 
degree. This true even the tenuous skin that surrounds the 
hen’s egg. Ordinary window glass filters out all but the longer and 
less potent these rays, allowing the passage only denatured sun- 
light, which still retains all the semblance the beneficent radiance 
the sun. 

The relationship rickets the ultra-violet rays has already 
been referred to. Indeed, the most reliable index the activity 
these rays the animal organism the biologic response rickets. 
The reaction this disorder affords valuable criterion for the 
study the physiologic action these rays; and the utilization 
this procedure, both man and animals, during the last five 
years, has been our main source knowledge regard this 
important aspect physiology and pathology. charac- 
terized disturbance the mineral metabolism, which mani- 
fested alteration the structure the bones and diminution 
the inorganic phosphorus the calcium the blood. Both 
these abnormal states are rectified when the infant animal 
exposed the sunlight the ultra-violet radiations from 
artificial source. How this remarkable action brought about 
remains determined, and constitutes one the fundamental 
questions the biology the cell. widespread this action 
the sun’s rays that there seasonal tide the percentage 
phosphorus the blood infants the temperate zone—an ebb 
and flow corresponding winter and summer. These changes 
constitute the action sunlight relation rickets. 
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The beneficent radiations are highly specific; difference 
about millionths millimeter determines whether the rays are 
specific curative value, whether they are inert relation 
rickets. Furthermore, there marked seasonal variation the 
ultra-violet radiations the sun. They are weak during the winter 
months, and the early morning and evening—poor not only 
quantity butin quality. this difference quality which 
accounts for the fact that rickets prevails throughout the temperate 
zones and almost non-existent the tropics. compare the 
actual amount sunshine during the five winter months the 
various cities the United States and Europe with the five corre- 
sponding months some cities the tropics and West Indies, 
find that there real difference the amount actual sunshine; 
the difference lies the quality intensity the ultra-violet radi- 
ations which much greater the tropics due the smaller 
annual fluctuation the zenith distance the sun. The dominant 
factor relation the activity solar ultra-violet rays not 
quantity but quality. 

There likewise indirect action the invisible rays the 
sun, has recently been brought out the observations Hess 
and Weinstock, well Steenbock—a power ultra-violet 
radiations produce antirachitic factor plants, vegetable 
oils, etc., endowing them with the potency prevent rachitic 
changes bones. Refined wheat flour, dried milk, vegetables and 
other foods can rendered rickets-protective short exposures 
the radiations from the mercury vapor lamp. (Chart1.) series 


CHART 


FEEDING IRRADIATED AND NON-IRRADIATED COOKED SPINACH. 


Weights. Rickets-Producing Diet. Spinach (10 g.). Rickets. Blood 
Inorganic. 

Low Phosphorus No. Irradiated hr.—1 None 

48-64. eee I 83 mg % 
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experiments has shown that the chemical substance which 
activated the rays the cholesterol animal foods its counterpart, 
the phytosterol vegetable foods. has long been known that 
cholesterol present almost every animal cell and phytosterol 
almost every vegetable cell. For this reason cholesterol has been 
the object study for many years; however, physiologists have 
been unable associate specifically with any organ with any 
normal pathologic function the body. is, therefore, 
peculiar interest that cholesterol, which inactive its ordinary 
state found acquire antirachitic potency after having been 
subjected ultra-violet radiations. (Chart 2.) 


CHART 


FEEDING CHOLESTEROL AND PHYTOSTEROL. 


Rat Blood 
Wt. Rickets Diet. Substance Fed. Result. (Inor- 
(g.). ganic). 
50-60 Low 0.25 cc. Cholesterol (1% 4.80 mg. 

48-50 Low 0.25 cc. Cholesterol (1% 

44-50 No. water) 

44-50 Mod. 3.64 
40-46 

Low Phosphorus} 0.25 cc. Phytosterol (1% 

30-46 Low 0.25 cc. Phytosterol |Mod. 

50-54 No. water) 2.70 mg. 
38-58 oe 


well known, cod-liver oil also specific for rickets. 
are associate common activity two such divergent agents 
fish oil and ultra-violet radiations? first this riddle seemed 
most mysterious and confusing, but now that know that ultra- 
violet rays activate cholesterol the solution simple. the first 
place, the superficial layers the skin are rich cholesterol which 
readily explains the mode action these rays whether coming 
from the sun from artificial source. Furthermore, has been 
found that the oily part cod-liver oil inactive relation 
rickets and that the effective moiety the so-called 
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able which cholesterol forms important part. This 
cholesterol composed largely inactive cholesterol, but partly 
the specific activated form which the cod has consumed its food, 
but which has the solar rays its ultimate source energy. will 
seen, therefore, that are supplying the same substance the 
infant, whether give cod-liver oil whether expose its body 
the ultra-violet radiations the sun the mercury vapor lamp. 

interesting example antirachitic activation nature 
furnished cocoanut oil. has been found that almost the sole 
vegetable oil which possesses antirachitic value the oil the 
cocoanut; olive oil, cotton-seed oil and linseed oil are practically 
inert this respect. recent experiment readily explains this 
peculiarity. was found that cocoanut oil antirachitic only 
when has been prepared from copra which has been dried the 
sun; that which has been kiln dried just inert other vegetable 
oils. other words, the copra has been activated the tropical 
sun. 

closing, the question may raised the relation between 
activated cholesterol and the vitamines. Has vitamine been pre- 
pared the laboratory means subjecting cholesterol ultra- 
violet radiations? the present time this question purely 
academic. There agreement the definition vitamine, 
nor what substances should included this ever-increasing 
group. quite probable that with increased knowledge the 
chemical constitution the vitamines will found that they 
not constitute entity and not belong together. Whether 
not regard activated cholesterol vitamine, interest and 
would seem physiologic significance have elaborated 
means ultra-violet irradiation substance essential importance 
for the nutrition the growing animal. 


DISCUSSION THE KINETIC THEORY 
GRAVITATION III. 


GENERATION HEAT SOME AND MINERALS. 
RELATION THIS THE INTERNAL HEAT THE EARTH AND 
PRESUMABLY THE SUN. 


CHARLES BRUSH. 
(Read April 23, 1926.) 


the Minneapolis meeting the American Association for the 
Advancement Science had the honor outline Kinetic 
Theory which substance briefly follows: 

The ether assumed endowed with vast intrinsic kinetic 
energy wave form some sort capable motive action parti- 
cles, atoms molecules matter, and propagated straight lines 
every conceivable direction that the wave energy isotropic. 
The waves are such frequency, otherwise such character, 
that they pass through all bodies without obstruction other than that 
concerned gravitation and the slight heating effect described 
the present paper, and perhaps other slight effects. Distribution 
the ether’s energy assumed uniform throughout the uni- 
verse except modified the presence matter. 

Each particle atom matter regarded center ac- 
tivity due its energy translation initially derived from the ether. 
There continual absorption and restitution the ether’s energy, 
normally equal amount but the ether locally robbed much 
its energy represented the mean kinetic energy the par- 
ticle atom. The particle atom thus has field influence ex- 
tending all directions, casts spherical energy shadow, 
speak, the depth density the shadow varying with the inverse 
square distance. The energy shadow body matter the 
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sum the shadows its constituent parts. The energy shadows 
two gravitating bodies interblend, that the energy density between 
them less than elsewhere, and they are pushed toward each other 
the superior energy density, wave pressure, the sides turned 
away from each other. 

That the ether really endowed with vast intrinsic energy 
some form forms the belief many eminent physicists, and 
seems highly probable that all energy has its source and destina- 
tion the ether; that say, that energy all the various forms 
which observe it, comes some way from the ether and 
energy the ether. This view does not any manner conflict with 
the principle conservation energy. this connection beg 
propose the hypothesis that the ether abstract energy—energy 
pure and simple—free energy. 

support contention that etherial energy the cause and 
essence gravitation, wish emphasize particularly, what seems 
obvious fact, that the energy acquired falling body 
comes from the ether, and restored the ether when that body 
undergoes negative gravitational acceleration. 

this connection cannot better than quote Lord Kelvin’s 
description the collision two very large bodies through the in- 
fluence mutual gravitation. his Popular Lectures and Ad- 
(Vol I., 413-417) says: 


fix the ideas think two cool solid globes, each the same mean 
density the earth and half the sun’s diameter, given rest, nearly 
rest, distance asunder equal twice the earth’s distance from the sun. 
They will fall together and collide exactly half year. The collision will 
last for about half hour, the course which they will transformed 
into violently agitated incandescent fluid mass flying outward from the line 
motion before the collision and swelling bulk several times greater than 
the sum the original bulks the two globes. The time flying out 
would probably less than half year when the fluid mass must begin 
fall again towards the axis. something less than year after the first 
collision the fluid will again state maximum crowding towards the 
center, and this time even more violently agitated than was immediately after 
the first collision; and will again fly outward, but this time axially towards 
the places whence the two globes fell. will again fall inwards, and after 
rapidly subsiding series quicker and quicker oscillations will subside, 
probably the course two three years, into globular star about the 
same mass, heat and brightness our present sun. 


| 

i 

| 
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Undoubtedly this substantially what would happen under the 
conditions named: The two cold bodies would acquire from some 
source external themselves the vast energy represented the heat 
sun, heat sufficient maintain enormous radiation millions 
years with little diminution. And this vast accumulation energy 
would occur half year, largely the few days before colli- 
sion. There is, me, conceivable source this energy other 
than the ether. may argued that the two cold bodies, 
gravitating system, initially possessed all this energy the form 
potential energy position.” This most convenient expres- 
sion, but affords explanation the source the energy until, 
pointed out the Washington meeting, take the energy- 
endowed ether into partnership essential part the system. 
Certainly the energy could not resident the two cold motionless 
globes. For homely illustration, think two golf balls joined 
stretched thread rubber; they form attracting system and 
possess potential energy separation, but the energy 
does not reside the balls, the stretched rubber thread. 

Later his description Lord Kelvin says: 

instead being rest initially, each globe had transverse 
velocity three quarters (or anything more than 0.71) kilometer per 
second, they would escape collision, and would revolve ellipses round their 
common center inertia period one year, just grazing each 
surface every time they came the nearest points their 
ing course that the globes were sufficiently rigid escape disruption 
tidal forces.) 

The globes falling from aphelion perihelion would gather 
the same amount energy that they did the case collision, 
where their motion was arrested and their kinetic energy was thus 
converted into heat; but without collision the vast energy acquired 
during positive acceleration from aphelion perihelion would dis- 
appear during negative acceleration from perihelion aphelion, and 
transformed back the ether whence came, with complete 
restoration all initial conditions. 

The sun and planets the solar system, and the planets and their 
satellites, because the excentricity their orbits, continually 
through the same kind cycle described Lord Kelvin, differing 
from that only degree. For instance, the earth its six months’ 
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passage from aphelion perihelion falls about 3,000,000 miles 
toward the sun, and gains orbital velocity about mile per second. 
thus acquires new kinetic energy from the ether which, could 
manifested heat, would sufficient evaporate all the oceans, 
lakes, and rivers, heat the dry earth vivid incandescence, and 
vaporize much it; the earth would become miniature sun. And 
all this energy restored the ether during the next half year 
while the earth moving from perihelion aphelion. 

With the idea mind that falling body gathers energy from 
the ether, and restores all the ether when raised the same 
distance against gravitation, any means, homely examples are 
once suggested thus, stone thrown upward and falling again, does 
the reverse order, and common clock pendulum goes through, 
and repeats the cycle with almost the regularity sun and planet. 

the theory gravitation under discussion, the only new pos- 
tulate that some much the ether’s intrinsic energy kinetic 
and consists some sort isotropic wave motion energy flux, 
whereby disturbance any point the free ether ultimately felt 
everywhere else, diminishing intensity, course, with the inverse 
square distance from the seat disturbance. 

not difficult conceive kinetic energy the ether quite 
apart from matter. Radiation one form such energy, and when 
once launched the ether persistent and quite independent 
its source. Interstellar space alive with wave energy radiated 
from countless suns, and points far removed from any single sun 
this energy approximately isotropic. This known isotropic wave 
energy the ether space unsuitable kind and too feeble 
play any appreciable part gravitation, and call attention 
only for the purpose showing that one sort free isotropic wave 
energy the ether celestial space known phenomenon. 

Isotropic ether wave energy exists everywhere any closed space 
uniform temperature, evenly warmed room for instance. 
such case every part every surface objects the room well 
the enclosing walls, ceiling and floor radiates and partly re- 
flects exactly much heat receives from other radiating sur- 
faces. (If this were not so, there would local heating cooling 
which know never occurs.) This becomes obvious when re- 


q 
q 
7 
7 


KINETIC THEORY GRAVITATION. 211 


member that radiation, absorption and re-radiation between warm 
bodies not qualitatively conditioned temperature difference, 
but goes just the same when temperatures are equal. 

Emission and absorption radiation matter demonstrates 
intimate interrelation between ether waves and atoms. 

know that different trains light waves may pass through 
the same point any number directions without obstructing 
interfering with each other the slightest degree, and this with 
confidence assumed true the waves trains waves 
concerned gravitation. 

Perhaps the ether waves concerned gravitation are not the 
transverse kind known us, but are longitudinal otherwise con- 
sist energy flux which, reason its universal presence, has 
not been manifested except gravitation. seems quite possible 
however that they are transverse electromagnetic waves extremely 
high frequency, far beyond the frequency the gamma rays from 
radium. Since the original paper was written has been found 
that very high-frequency ether waves, account their frequency, 
may embody great energy; and the higher the frequency, the more 
readily they pass through matter without absorption. 


The foregoing synopsis the theory under discussion prin- 
cipally quoted from the first Discussion written 1914. 


GRAVITATION WAVES AND HEAT. 


Heat often defined agitation atoms and molecules 
matter, and measured the total kinetic energy such agitation. 
The agitation consists partly internal vibrations the elastic 
atoms and molecules and spinning about their various axes, and 
partly very rapid translatory motion among themselves. Thus 
they are supposed dart about every conceivable direction, con- 
stantly colliding with each other and rebounding glancing new 
directions. The kinetic energy this translatory motion constitutes 
sensible heat (not total heat) and the measure temperature. 
Anything (such absorbed radiation) which stimulates the internal 
vibration atoms molecules likewise increases their translatory 
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velocities the increased violence rebound after collision, and 
thus increases their temperature; and vice versa. 

All the above known true gases and vapors (kinetic 
theory gases), and generally believed true liquids and 
solids. 

The mean free path” and the mean velocity between colli- 
sions the molecules many gases under stated conditions have 
been computed. But has also been shown mathematically that 
the higher and lower velocities, and the longer and shorter paths 
differ greatly from the means, and may each respect vary twenty 
more times amount. Doubtless this true also liquids and 
solids. 

Certainly the free atoms and molecules solids must 
very short, but quite certainly there must some space for 
movement because know that the atoms molecules solids 
are not contact. And diffusion contiguous metals into each 
other proves migration the atoms molecules just gases, 
though vastly slower, should expect from the extreme short- 
ness their free paths. 

From the fortuitously wide variation velocities and free paths 
the billions vibrating atoms molecules their heterogeneous 


movement, follows that collision frequencies must also vary greatly, 


from instant instant, everywhere body matter. 


Probably the postulated gravitation waves are not confined 
one frequency, but have wide range frequencies the well- 
known X-rays. 

With the foregoing mind easily conceivable that some 
kinds matter may have atoms simple molecules complex 
molecules occasional vibration frequency corresponding with some 
gravitation wave frequency, whereby fortuitous resonance can, for 
brief instants, established various points. This would result 
slight increase vibrational activity and cumulative rise 
general temperature, perhaps sufficient detected. 

body such matter, with some thermal insulation, would be- 
come and remain permanently warmer than neighboring body 
similarly circumstanced, but not endowed, less endowed with the 
permissive heat-generating quality. 
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The above hypothesis has been guide very large amount 
research work this field. many years ago, has 
been pursued intensively during the past year, and during the last 
eight months have had the most promising success indicated 
the title the present paper. 


3 


N 
555 


Granulated Cork 


the work many years ago, several forms apparatus were 
tried, but the one about described was finally adopted, and with 
slight modifications has been used the work the past year. 

Figure diagram the apparatus employed. repre- 
sent two large silvered Dewar vacuum jars selected have very 
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nearly equal thermal insulating efficiency. They are supported 
wooden rack inside thick copper cylinder packed granulated 
layers felt removal which and the loose copper cover 


easy access had the Dewar jars. The copper cylinder 


23.5 kg. and its functions are, reason its large thermal capacity 
and high conductivity, protect the Dewar jars from any rapid 
change temperature, and from temperature stratification. 

The box surrounded much larger wooden box lagged 
with thick layer felt. long resistance wire strung back 
and forth the air space between the boxes the bottom and four 
sides Electric current controlled thermostat warms the 
wire, whereby the temperature the air space may maintained 
very nearly constant many days weeks desired. 
mometer easily read hundredths degree, indicates the tem- 
perature the air space. 

Returning now the core the apparatus: airtight 
cylinder thin copper, cm. high and 6.4 cm. diameter, pro- 
vided with open axial tube also copper. small round open- 
ing the top permits the introduction weighed quantity 
water, after which the opening tightly corked prevent any 
change temperature evaporation the water. another 
copper cylinder just like except that has removable top 
permit the introduction the substance whose thermal behavior 
investigated. The high thermal conductivity these copper 
cylinders prevents temperature stratification within them. The 
Dewar jars are filled above the copper cylinders with layers felt, 
and granulated cork, and covered with waxed cardboard carefully 
sealed prevent temperature difference inside the jars which 
would follow unequal loss gain moisture the felt and gran- 
ulated cork. small thin glass tube, flanged top and closed 
bottom, located the axis each Dewar jar and extends from 
the waxed cover nearly the bottom the enclosed copper cylinder. 
The glass tubes contain the ends thermo-electric couples fine 
constantan, copper and iron wires, iron-constantan and copper- 
constantan junction the bottom each tube. The leading-out 
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wires are copper, and connect the thermo-couples with reflecting 
galvanometer having the customary reading telescope and scale. 

using this apparatus, the metal tested, the form 
bars cylinder with suitable axial bore, was placed the copper 
container B’, and carefully weighed quantity water just sufficient 
thermal capacity equal that the metal (or other substance) 
under test was placed the copper container Then the whole 
apparatus was assembled shown, the “air space” was raised 
slightly above room temperature the heating wire before described 
and thereafter kept nearly constant temperature the thermo- 
static device already mentioned. Galvanometer readings were then 
made several times daily until they became constant, which usually 
occurred four five days. 

Several metals were tested this manner, but case was 
there found any observable temperature difference between the con- 
tents the Dewar jars until hardened steel was tried. The steel 
was found considerably warmer than its surroundings, but the 
excess temperature very slowly declined, though still observable 
the end some weeks. This was the initial discovery im- 
portant phenomenon not before known, the Spontaneous Genera- 
tion Heat Recently Hardened Steel.” investigated this phe- 
nomenon extensively during the next few years, and published sev- 
eral papers the 

About year ago resumed work the present subject and 
have followed intensively ever since. Some small changes were 
made the apparatus Fig. The copper containers A’, were 
silver plated and highly polished, and the central tube each was 
tightly corked bottom and top, the upper cork having small hole 
its center which the small glass tube containing the thermo- 
couples fits snugly; this prevent air circulation. very long- 
stemmed precision thermometer, easily read half hundredth 
degree, and passing through cover box layers felt and 
cover copper well was installed keep track temperature 

Proc. Am. Phil. Soc. 1915), Vol. 54; Phys. Rev. (2) (1917), 
Vol. Proc. Am. Phil. Soc. (1917), Vol. 56; Proc. Royal Soc. Lond. (1917), 
93, joint paper with Sir Robert Hadfield; Proc. Royal Soc. Lond. (1918), 
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inside the copper cylinder All thermometers are read 
with telescope. 

was found that when the thermo-couples were completely short- 
circuited outside the calorimeter, the galvanometer often gave small 
deflections either sign when there happened change 
room temperature and air currents prevailed. This was traced 
slight temperature differences between some the several joints 
somewhat different metals the galvanometer structure. This 
source error was nearly, but not quite eliminated enclosing the 
galvanometer with closed vertical cylinder thick copper having 
small hole its side for viewing the mirror. 

When, the regular course work, the smaller deflections are 
under observation, the thermo-couples are short-circuited after each 
reading, the galvanometer tested for error above, and suitable 
correction, any, made the reading. Such corrections are 
never more than very small fraction the deflection. The gal- 
vanometer the swinging-coil type with powerful permanent 
magnetic field. Its working circuit opened and closed all- 
copper knife switch located well away from the observer and lamp. 

Many metals have been tested addition those years ago, 
ranging from tungsten, great density and high atomic weight, 
down aluminum small density and low atomic weight, and also 
carbon the form graphite, still less density and atomic 
weight. But case was any generation heat detected. 

Next, several simple and complex alloys were tried. Some 
these generated appreciable heat; but every instance this was 
traced oxidation. 

Meanwhile, campaign minerals and rocks was planned, par- 
ticularly igneous rocks, for the following reasons: generally 
believed that many millions hundreds millions years ago the 
earth was incandescent molten globe; and that has gradually 
cooled its present thermal condition radiation heat from its 
surface. But there ample reason for the further belief that the 
interior the earth still very hot, hot enough melt the most 
refractory rocks were they not kept rigidly solid the enormous 
gravitational pressure which they are subjected. Escape in- 
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ternal heat certainly must still going slow conduction 
through the earth’s cool crust, and radiation into space. Lord 
Kelvin has expressed (Thomson and Tait’s Natural philosophy,” 
Appendix the Secular Cooling the 


The fact that the temperature increases with the depth implies continual 
loss heat from the interior, conduction outwards through into the 
upper crust. Hence, since the upper crust does not become hotter from year 
year, there must secular loss heat from the whole earth.” 


This clearly indicates that the earth continually radiating heat 
into space faster than receives radiant heat from the sun. Yet 
there much geological evidence that the earth’s surface has not be- 
come colder more than very few degrees, any, millions 
years. 

Several hypotheses have been proposed eminent physicists 
account for the maintenance the earth’s internal heat. Ruther- 
ford Radio-active Substances and Their Section 
260) estimates that the radio-activity the materials the earth’s 
crust sufficient account for it. This, however, involves the as- 
sumption rather small temperature gradient the crust, based 
the evidence few deep mines and borings the land areas. 
But have means knowing what may the temperature 
gradient the beds the oceans, which form very much the greater 
portion the earth’s crust. 

own thought was that the maintenance the earth’s internal 
heat might perhaps due, part least, continual small gen- 
eration heat some its constituents gravitation ether waves 
the manner already outlined and possibly this might sufficiently 
large detected. 

This surmise has been supported the result experiments 
with some basaltic rocks and lavas, and some that 
say, unmistakable generation heat has been observed, some 
which, least, thought due the postulated gravitation 
ether waves. 


Presumably ideal material for experimentation would some 
the very hot molten magma the earth, quickly cooled pre- 
vent crystallization and segregation its constituents. course 
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this quite but perhaps some basalts and lavas not 
differ from very greatly. They consist complex igneous sili- 
cates, and mixtures silicates. 

have observed some generation heat basalt from Lintz, 
Rhenish Prussia. This very fine grained, nearly black and ex- 
tremely hard and tough. Following careful analysis this 
rock 

TABLE 


BASALT FROM RHENISH PRUSSIA. 


Magnesium Oxide 
Potassium Oxide 
Sodium Oxide 
Loss below 105° 
Loss red heat 


99.82 
trace manganese was found. 


Let consider the origin basaltic rocks. thoughts 
this subject run follows: When the earth’s surface, for depth 
many miles, was still molten state, cooling the surface 
gradually formed pasty crust greatly torn and crumpled tidal 
action. cooling progressed, most the large family siliceous 
minerals crystallized out the liquid magma lowering tempera- 
tures suitable for their formation were reached. due time (mil- 
lions years) the surface the thickening crust became solid and 
comparatively rigid, and doubtless had greater density than the still 
liquid magma some miles beneath it. cooling further progressed, 
and the solid crust thickened, lateral shrinkage caused cracks 
occur the crust from time time, here and there, over the earth’s 
surface. Whenever considerable crack fissure occurred, the 
magma from miles below welled upward through it, owing 
the greater density the crust above, doubtless enlarging the 
fissure scouring action, and spread laterally over the solid earth 
crust; many cases covering hundreds and even thousands 
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square miles, Idaho, Oregon and Washington, and sometimes 
mile more thickness shown the Snake River canyon 
Idaho. 

The extruded molten magma, thus spread over large areas 
comparatively cool earth crust, and exposed direct surface radia- 
tion, must have solidified quickly, and with little segregation its 
constituents crystallization: Hence some basalts from great depths 
may nearly represent the original fluid magma the outer shell 
the earth. 

Surely there must very many large fields basaltic rock 
the beds the oceans, because the period such formations long 
antedated the appearance condensed water the earth. 

Dense volcanic lavas are much the same character and composi- 
tion basaltic rocks, though probably most cases extruded from 
lesser depths. 


EXPERIMENTAL WITH SOME LAVAS AND 
MINERALS. 


After some preliminary work with the apparatus Fig. just 
described, modified procedute was adopted and adhered to, fol- 
lows: Each rock mineral was crushed (not ground) coarse- 
sand size, with numerous siftings, until all passed through the 
sieve. Then the dust and very fine grains were removed much 
finer sieve and rejected. This left mixture coarse, medium and 
small grains much better adapted close packing than the grains 
were uniform size. The crushed material was then spread 
thin layer and left exposed the air the laboratory for several 
days acquire room temperature and normal hygroscopic condition. 

The copper containers A’, Fig. were removed, and 
weighed quantity the ground material was poured directly into 
one the Dewar jars and gently rammed down reduce its volume 
minimum. closely-fitting waxed card-board disc with small 
hole its center, was placed top material prevent, greatly 
retard migration moisture between the material and the felt and 
granulated cork above case any difference hygroscopic 
condition. Next, the small glass tube for the thermo-junctions was 
inserted through the central hole the disc, the felt covering and 
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granulated cork added, the small tube worked downward final 
place, and all sealed usual. 

cylindrical mass crushed material above described 
generates heat, loss heat occurs not only through the walls the 
containing Dewar jar, but also small extent the axis the 
cylinder conduction upward through the central small glass tube 
and its contained thermo-wires; and this heat must supplied 
slow conduction through the material closely contiguous the tube. 
Undoubtedly larger heating effect would observed the ap- 
paratus there were some air space between the tube and the crushed 
material, through which transfer heat from larger surface 
material the tube could made convection. 

Prior removal the copper containers B’, fine white sili- 
cious sand, previously ignited presence air destroy any or- 
ganic matter and ferrous iron that might present, was compared 
with water the then usual manner, without the slightest observable 
generation heat. Hence this material was used thereafter the 
standard for comparison. Nine hundred grams sand was found 
convenient quantity, and filled about five-eighths the other Dewar 
jar, which was equipped with waxed cardboard disc, central small 
glass tube, felt and granulated cork, and sealed already described. 

None the rocks and minerals subsequently tested for heat 
generation differed much from the sand specific heat, and each 
case weighed quantity was used just sufficient equal the sand 
thermal capacity. 

Subsequent procedure was follows: The pair Dewar jars, 
one loaded with sand, the other loaded with the material tested, 
were placed the copper well the calorimeter and covers put 
place, all shown Fig. During the next many hours room 
temperature,” “box temperature” (in the air space) and well 
temperature (in the copper well) were observed from time time, 
and temperature controls (room and box) were manipulated 
bring about substantially constant well temperature soon 
practicable, usually day two. After few hours, galvan- 
ometer deflection readings were commenced. Electrical connections 
were such that the material being tested happened first 
little warmer than the sand, the deflection was right-handed (plus) 
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little cooler, the deflection was left-handed (minus). But this 
made difference the amount sign the final permanent de- 
flection, any. 

Thereafter, during whole experiment, the temperature and gal- 
vanometer readings were taken and recorded three more times 
daily. Temperature equilibrium was usually reached within week, 
the time depending the initial temperature difference, and for 
confirmation, readings were continued several days thereafter. 

All the igneous rocks tested, and some minerals, remained more 
less warmer than the sand with which they were compared. 

several experiments, after temperature equilibrium was 
reached, the thermo-couples the Dewar jars were reversed; this 
did not all affect the amount galvanometer deflection, but 
course changed its sign, showing that the couples were evenly bal- 
anced. Occasionally the entire contents the Dewar jars were 
exchanged but this did not affect the result, thus showing there was 
systematic error due difference the jars. 


All the basalts examined contained more less dis- 
seminated throughout their mass very minute invisible crystals. 
When finely powdered they were distinctly greenish color (Olivine 
green). When the fine powder was ignited air lost its green 
tinge, and became reddish color, peroxidation its ferrous 
iron. 

Olivine ferrous metasilicate with magnesium silicate (Mg, 
Fe), SiO,. The ferrous oxide loosely bound the small 
amount silica combined with it, that cannot withstand the action 
free oxygen red heat. But hoped was stable room tem- 
perature. answer this important question the device shown 
vertical section Fig. was used. 

Fig. glass tube about cm. diameter, prolonged down- 
ward much smaller and longer tube which extends nearly 
the bottom small beaker partly filled with mercury shown 
the dotted line. plug cotton, and tightly fitting 
cork. 

The large tube between and was filled with the material 
examined for oxygen absorption, finely ground expose very large 


222 BRUSH—DISCUSSION THE 


grain surface, and the cork was sealed airtight with melted wax. 
When oxygen from the enclosed air was absorbed, mercury gradually 
rose the tube for many 


Fic. 


All the basalts examined above, indicated more less oxygen 
absorption, doubtless with some slight evolution heat. Absorp- 
tion was very large the case Olivine from Jeffer- 
son County, Colorado. This basalt, when tested the large calor- 
imeter Fig. indicated spurious generation heat, gradually 
diminishing from day day but not ending during the full course 
the experiment. This what prompted investigation all the 
basalts and lavas above. The Lintz basalt (Table contained 
very little Olivine. 

When crushed basalt, ready for use, ignited presence 
air, its ferrous metasilicate, least the surface its grains, 
destroyed peroxidation. 

surely prevent absorption oxygen crushed basalts and 
minerals containing ferrous metasilicate, the following scheme was 
adopted: The stem very long-stemmed small glass funnel was 
worked downward through the center the crushed material its 
Dewar jar nearly the bottom. Then 120 grams somewhat 
viscuous mineral oil was poured slowly into the funnel, keeping the 
latter nearly full avoid entrained air. hour two the 
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oil gradually displaced the air between the grains crushed ma- 
terial and rose nearly the top the charge, and few hours 
more, capillary action, oil coated every grain not actually sub- 
merged. After withdrawing the funnel, the hole left the stem 
was tamped full the surrounding material. The oil employed was 
the used druggists for medicinal preparations. 
was water-white, perfectly neutral, odorless and tasteless. Heated 
160° did not change color, gave off gas bubbles and fumed 
but slightly. 

The sand the other Dewar jar, used for comparison, was 
flooded the same way with the same amount oil preserve 
equality thermal capacity. 

None the lavas tested indicated any absorption oxygen, and 
hence were not treated with oil. According analysis Ency- 
clopedia Britannica, Kilauea lava contains unusually large amount 
ferrous oxide, but doubtless this combined with larger pro- 
portion Silica than Olivine, and thus rendered stable. 


TABLE II. 

Material Temperature 
Tested. Excess, degrees 
Basalt, Lintz, Rhenish Prussia, strongly ignited............ 
Basalt, Lintz, Rhenish Prussia, with 
Lava, Basaltic, Kilauea, Hawaiian 
Albite, Na, Al, .0060 
Olivine, (Mg, Fe),SiO,, with .0084 
Cryolite, Not observable 
Limestone, Ca, Not observable 


Table II. shows comparative values thus far obtained. The last 
column gives temperatures computed from galvanometer deflections. 
course the figures fourth decimal place are uncertain. 

Following the above tabulated tests basalt, containing fairly 
large amount Olivine, from Fort William, north shore Lake 
Superior, was tried (with oil). But before completion the ex- 
periment the Dewar jar collapsed. Enough was learned, however, 
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indicate that this Olivine basalt was generating little more than 
one-half much heat did the Lintz basalt. 

The burned clay Table II. may regarded artificial 
igneous rock, and classed with them. consisted specimen 
clay used the manufacture Portland cement. After leviga- 
tion, drying and moderate ignition, was light yellow color. 
After heating hour two about 1100° (in presence air) 
came out the furnace greatly shrunken, hard-burned, choco- 
late-colored brick. This was crushed and sifted for use usual. 
Table III. analysis this clay before burning. Probably the 
iron was mostly the ferrous condition, usual with clays, prior 
the first ignition. 


TABLE 


Fig. the performance the Lintz basalt Table II. 
plotted temperature difference curve. Only that portion the 
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observed curve lying below one-tenth degree shown, this the 
significant part. The neutral sand for comparison taken zero. 
The low points the curve lying between one hundred and sixty-five 
and one hundred and eighty-five hours, are due temporary small 
rise temperature the copper well” occurring late the previ- 
ous day; and the high points between one hundred and forty and one 
hundred and sixty hours, and between two hundred and sixty and 
two hundred and eighty hours are due small drops well tem- 
perature many hours earlier. There always lag about one 
half day the effect changing well temperature, ex- 
pected. 

Whenever substance under test happened initially 
little lower temperature than the sand, its temperature curve was, 
course, rising one; and the substance was generating heat, 
the curve crossed the zero line and rose above it. Such curve al- 
ways had shape notably different from that Fig. was steeper 
its earlier stages. This was because heat generation retarded 
falling temperature and hastened rising temperature. 


EsTIMATE THE RATE HEAT GENERATION THE LINTZ 
BASALT. 


The Dewar jars used the experiments Table II. were tested 
and selected follows: commercial jars liter capacity, cm. 
deep, were partly filled with ice-water precool them, and placed 
side side rack. Then each jar was emptied and recharged 
with 600 cc. ice-water just after thoroughly stirring with much 
ice, and the jar was closed with large cork. 

After hour so, the water the first jar was well stirred 
with thin strip wood previously cooled ice-water, and the 
temperature the water the jar was taken with precision ther- 
mometer and noted, together with the time, and the jar was recorked. 
All the jars were thus treated turn. The initial temperature was 
most cases about Similar temperature readings were made 
every few hours for several days. 

The two best jars, very nearly alike efficiency, were chosen for 
use, and their performance was plotted curve which showed 
everywhere that half the temperature difference between the water 
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and the outside air (very steady) was covered the next thirty-one 
and one half hours. see reason doubt that this ratio would 
have continued until equality was reached. Presumably also, the 
same ratio would hold the conditions were reversed; that is, the 
water were warmer than the outside air. 

The thermal value the inner skin Dewar jar was com- 
puted equal grams water, that the total warming (or cooling) 
body equaled 625 grams water. 

From the above data accordance with the usual logarithmic 
law heat transfer, the thermal conductivity constant the jars 
was computed and found 13.7 calories per hour per degree 

Nine hundred grams the basalt maintain temperature dif- 
ference (Table II.) which indicates heat generation 
the rate calories per hour for the contents 


0.212 


the jar; 


2.30 calories per hour per gram 


basalt. 

Taking the specific heat basalt 0.199, the time required for 
the basalt raise its own temperature all escape heat 
0.199 
2.36 
three hours, about thirty-five days. 


were prevented would hundred and forty- 


While the above method estimating the rate heat genera- 
tion the Lintz basalt the only one present available, the result 
found certainly several times too large, for the following reason: 
The cylinder cold water the Dewar jar had little tem- 
perature gradient between its periphery and its axis because its 
easy convection; but the cylinder basalt and oil must have been 
continually much warmer its axis, where its temperature was 
measured, than its periphery where the generated heat was being 
lost, because the very slow conduction heat from its central 
portion its outer surface. 

Having available data from which compute the radial tem- 
perature gradient the basalt and oil, can only guess the cor- 
rection applied the value heat generation found above. 
But cannot very greatly astray assume one hundred and 
twenty-two days, third year, the time required for the Lintz 
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basalt generate sufficient heat raise its own temperature 
least this will indicate the order magnitude heat generation. 


THE OBSERVED GENERATION HEAT DUE 
RADIO-ACTIVITY. 


Rutherford tabulates long list igneous and sedimentary rocks 
from widely-separated localities, showing their relative radio-activi- 
ties. Three basalts appear the list, the most active which 
below the average all the rocks. have compared the radio- 
activity the Lintz basalt and the sand, with pitch blende and im- 
pure uraninite photographically follows: Several short lengths 
thin brass tubing cm. inside diameter, 1.2 cm. pre- 
pared with ends machined truly plane. One end each was coated 
with thin film beeswax, and tightly pressed disc very 
thin, mineral-free filter paper piece plate glass, thus forming 
shallow cup with paper bottom. 

The minerals were crushed and sifted the usual grain size, and 
grams each was placed the cups and shaken down. 
X-ray plate its holder with film side up, was covered with card- 
board rack (not contact) provided with round holes which 
the cups fitted freely. The sand and basalt cups were placed 
the film side side, and left there, different positions, eight, four 
and two days. The pitchblende and uraninite were exposed twelve, 
six, three and one and half hours, all complete darkness. Then 
the plate was very evenly developed, fixed, washed and dried. 

The plate eight days under the basalt showed the faintest sus- 
picion the sand showed nothing. The uraninite, ex- 
posed one and half hours, gave well-marked blackening, estimated 
least times greater than the basalt, exposed 128 times 
longer (eight days), 500 times more activity. The pitchblende 
was rather more than twice active the uraninite, the one and 
half hours’ exposure being little blacker than the three hours’ 
exposure uraninite. 

Thus appears that, compared this way, the pitchblende was 
least 1000 times more radio-active than the basalt. The pitch- 
blende was not analyzed, but presumably contained about two-thirds 


q 
| 


228 BRUSH—DISCUSSION THE 


its weight uranium. This would raise the above ratio 1500 
for uranium. 

Rutherford computed the heating effect gram uranium 
7.2 10° calories per hour. 

have already found the apparent heating effect gram 
basalt 2.36 calories per hour. But before pointed 
out, this much too high. apply the same arbitrary correc- 
tion before, find heating effect gram basalt 
6.8 10° calories per hour. This close the heating effect com- 
puted Rutherford for uranium. And have found uranium 
1500 times more radio-active than the basalt. Hence radio- 
activity the basalt can account for only 1/1500 part its heat 
generation. 


The computed rate heat generation the Lintz basalt, 
year, extremely large; and thought that some much 
may due the very large area new surface created crush- 
ing, and the severe shocks throughout the grains incident thereto, 


whereby slow rearrangement incipient crystallization and re- 
grouping the surface layer molecules and even the grain 
mass this complex rock may occur with some generation heat, 
analogous the spontaneous generation heat recently hardened 
steel. Doubtless basalts and lavas are particularly susceptible 
such action because they are condition suspended crystalliza- 
tion arising from their comparatively rapid cooling after ejection. 

the suggested action occurs, several days, weeks, even 
months may required reach entirely stable condition. This 
very important point will determined retesting after lapse 
several months. 


The observed generation heat many times more than suf- 
ficient account for the maintenance the earth’s internal heat 
the generation goes great depths and under great pressures, 
and accept the very small temperature gradient and low thermal 
conductivity usually assumed for the earth’s crust. But know 
little nothing the temperature gradient great masses ig- 
neous rocks, and volcanic regions. this connection would 
much interest make deep borings some the great and 
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very thick fields basaltic rocks, and ascertain their temperature 
gradient. 

Nor have any knowledge the thermal conductivity the 
lower igneous rocks (all igneous) the earth’s crust, the high 


temperature, and under the great pressure which they are sub- 
jected. 


seems highly probable that large areas the ocean floors con- 
sist ancient igneous rocks and more recent basalts and volcanic 
lavas, only thinly covered with sediment. The heat generated 
these floor rocks, and conducted through them from still hotter 
gions below, must absorbed the cold water above them and 
rapidly transferred convection the ocean surface, from which 
much radiated into space and lost. 

seems quite possible that the great ocean currents 
warm water are produced this way, and have their origin com- 
paratively shallow waters over large areas volcanic activity, where 
the earth’s hot interior covered with less than the usual thickness 
poorly conducting crust. 

Take for instance the Gulf Stream: This appears originate 
the large region comprising the West India Islands and 
the Caribbean Sea; and the steady current westward doubtless pre- 
vents much sedimentation, and even tends scour and keep the 
ocean bottom clean. The warmed water finds its way into the Gulf 
Mexico, and thence comparatively narrow and swift stream 
northeastward between Florida and the Bahama Islands, whence 
spreads fan-shaped into the North Atlantic Ocean. its way 
the Arctic region, the prodigious amount heat carried, com- 
pared with that the general ocean, profoundly tempers the climate 
Northern Europe. The water returns from the Arctic region 
broad cold stream the deep floor the Atlantic Ocean the 
region warming. hope develop this phase subject 
length future paper. 


INTERNAL HEAT THE PLANETS. 


Let make the reasonable assumptions that the other planets 
have substantially the same composition the earth, and that they 
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have reached stable thermal condition the earth appears have 
done. 

The exterior planets receive comparatively little heat from the 
and their internal heat maintained the manner supposed, 
their surface temperature must largely conditioned the ratio 
their mass their radiating surface. Mars smaller than the 
earth, and consequently colder. But the giant planets, Jupiter and 
Saturn, have much larger mass-surface ratio than the earth, and 
certainly have much higher surface temperature, evidenced 
the fact that they are covered with dense clouds 
sumably they are too hot permit the condensation water. 


HEAT THE SUN. 


The mass-surface ratio the sun about times greater than 
that the earth; and generation heat takes place there the 
rate observed here igneous rocks, would account for much 
the sun’s heat, though far from all it. But know little 
nothing the sun’s interior, and readily conceivable that gravi- 
tational generation heat there, under the prevailing conditions 
enormous temperature and pressure may very much faster per 
unit mass than the earth, and could then fully account for main- 
tenance the sun’s heat. 


CLEVELAND, April, 1926. 


SUPPLEMENT. 


July 30, 1926. 

Since presenting the foregoing paper have carefully retested the 
basalt, lavas and clay Table using the same specimens after 
intervals several months contemplated one the latter 
paragraphs the paper; and then thought not unlikely, have 
found some large changes the rate heat generation, doubtless 
due the causes suggested. This, itself, very interesting 
phenomenon. 

The strongly ignited Lintz basalt after six months retained less 
than per cent. its early heat generating activity. This specimen 
included all the fine stuff and dust incident crushing, and had 
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been briefly ignited very high temperature, almost fusion. The 
Lintz basalt with oil (not ignited) retained about per cent. its 
initial activity after three months. Another lot Lintz basalt was 
crushed very much coarser grain size than formerly, and all small 
grains and dust were removed sifting. The coarse material was 
then maintained steady temperature about 345° continu- 
ously for full week, then slowly cooled. thought that during 
this long-continued moderate heating the basalt reached stable con- 
dition. Forty days afterward was placed the calorimeter and 
its rate heat generation measured. This came out per cent. 
(or little more) the value the freshly crushed basalt and oil 
given Table the latter will decline similar value 
when reaches stability. 

The Kilauea lava almost completely lost its heat generating prop- 
erty after eight months. This basic lava comparatively low 
Silica and easily fusible. 

The Utah lava retained forty-five per cent. its freshly crushed 
activity after nine and half months. 

The Otumba lava retained rather more than fifty per cent. its 
activity after seven months. 

The two latter lavas were very spongy structure, and weathered 
deep iron-rust color; differing greatly from the Kilauea lava 
these respects. 

The burned clay, after eight months, retained little less than 
thirty per cent. its freshly burned and crushed activity. This 
clay was part lot prepared about year ago washing free 
from all gritty particles, drying and moderately not heating 
sufficiently sinter densify all. 

have recently tested some more the clay, its unburned (but 
formerly ignited) condition, after nearly year’s exposure the 
atmosphere the laboratory. There can little doubt that this 
was stable condition. gave nearly three times rapid heat 
generation did the burned clay after eight months. Apparently 
the burning was highly detrimental. preparing for test some 
more clay from the same bank, washed and air dried, but not ignited. 


THE PRESENT STATUS THE HITTITE PROBLEM. 
GEORGE BARTON. 
(Read 23, 1926.) 


The Hittite problem became problem just fifty years ago. 
Until that time the Hittites were thought have been only small 
Palestinian tribe, knowledge which was derived from the oft 
recurring list peoples whom the Israelites drove out the Holy 
Land: Canaanite, the Hittite, the Amorite, the Hivite, and 
the After the decipherment the Egyptian inscriptions 
was learned that Egyptian monarchs the nineteenth dynasty 
had relations with people that they called Kheta. Similarly, 
when the secret Assyrian writing had been recovered, was 
learned that the Assyrian kings fought people whom they called 
Khattu. Gradually, too, during the nineteenth century rock- 
carvings were found scattered over northern Syria and Asia Minor, 
which were pictured men with extremely aquiline noses, wearing 
boots with up-turned toes and peculiar tall caps, often accompanied 
inscriptions peculiar hieroglyphic character. 1876 
occurred the Reverend Sayce (afterwards Professor 
Oxford) that the Kheta, Khattu, and Hittites were all one and that 
was they who made the rock-carvings and inscriptions just men- 
tioned—an inference which subsequent discoveries have the main 
justified. 

These Hittite rock-carvings have been found Hamath 
Syria, Carchemish the Euphrates, various points ancient 
Cappadocia, Lycaonia, and Phrygia, the Lydian mountains 
west ancient Sardis, well the mountains near Smyrna. 
They have been found Marash, Sendjirli, and other points, 
including the city Asshur. Beginning with the attempt 
Professor Sayce 1880 decipher this hieroglyphic Hittite writing, 
eight different attempts have been made discover the clue it, 
but yet that has not been successfully accomplished. 

These attempts are follows: Sayce: ‘‘The Boss 
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With the discovery El-Amarna Egypt archive clay 
tablets written the Babylonian cuneiform script the winter 
1887-1888 new approach the Hittite problem was opened, 
although was not recognized the time. Among the tablets 
this archive there were several letters from Dushratta, king the 
Mitanni, people closely associated with the Hittites, kings 
Egypt. While most these were written the Semitic Akkadian, 
one them—the longest letter all—was written the Mitannian 
Two other letters the collection were from ruler 
and were written tongue that turns out identical 
with the Hittite. Some years later archive Assyrian tablets 
was found few miles the northeast the ancient Czsarea 
Cappadocia, from which was learned that early 
B.C. the Assyrians had established trading stations colonies 
the country afterward occupied the Hittites and that these 
colonies maintained correspondence with their home country the 
Assyrian language and the Babylonian script—a fact which now 
throws some light our Hittite problem. 

The real key the Hittite problem was, however, discovered 
the late Professor Hugo Winckler Berlin, who 1906 discovered 
Boghaz Koi, the old Hittite capital, situated few miles east the 
river Halys Asia Minor and about two-thirds the distance from 
the Mediterranean the Black Sea, large archive tablets 
written the cuneiform script Babylonia. number these 
texts were the Sumerian and Akkadian languages—the languages 
Babylonia—but the majority were the language the Hittites 
Inschriften, ein Versuch ihrer Entzifferung nebst einer weiterer Studien vor- 
arbeitenden methodisch geordneten Ausgabe,” 1892; Jensen, fiir 
Entzifferung der (hatischen oder) cilischen(?) der deutsch. 
Morganlanden Gesell., XLVIII, 1894, and und Armenier, 1898; 
Conder, The Hittites and their Language, 1898; Sayce, 
Decipherment the Hittite the Proceedings the Society 
Biblical Archeology, XXV, (1903); Thompson, ‘‘A New Decipherment 
Hittites (The Schweich Lectures for 1920); and Dr. Carl Frank, Die so- 
genannten hettitischen Hieroglypheninschriften, Leipzig, 1923. The different 
ways attacking the problem are outlined the writer’s Archeology and the 
Bible, 4th ed., ff. 

Cf. Bork, Die Mitannisprache, Berlin, 1909. 


Knudtzon, Bugge, und Torp, Die zwei Azarwa-Briefe, die alteste 
Urkunden indogermanischer Sprache, Leipzig, 1902. 
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themselves. some the tablets were lists Hittite words 
one column, opposite which other columns were their Sumerian 
and Akkadian equivalents. then, was key the long-lost 
Hittite tongue. The lock did not, however, yield immediately 
the touch This was due part the fact that Professor 
Winckler, whom right discovery the privilege interpreting 
the tablets belonged, was soon attacked the long and distressing 
illness from which died; also, part, the broken and frag- 
mentary condition these Hittite vocabularies, and the fact that 
the words contained the remaining fragments these ancient 
dictionaries were not the words most common use the other 
tablets. 

After the death Professor Winckler the task editing the 
cuneiform tablets from Boghaz Koi was committed two Assyri- 
ologists, the Bohemian scholar Friedrich Hrozny, and the German, 
Figulla. They had copied considerable number the texts 
and were making progress toward the interpretation them when 
the Great War broke out 1914. The credit having first 
successfully applied the key found Professor Winckler the 
Hittite language belongs Professor Hrozny. Taking his 
starting point the work done the Azarwa letters Knodtzon, 
Bugge, and Torp, gradually disentangled the intricacies the 
Hittite language. This, skilled Assyriologist was able do, 
part because the script was derived from Babylonians, 
from people who had derived their culture from Babylonia, the 
texts contained many well known Sumerian and Akkadian words. 
The Hittites used these words just the peoples western Europe 
often employed Latin phrases. duplicate texts the thought 
often expressed Hittite word, that one comparison can 
obtain the nucleus reliable vocabulary. No. the 
Mitteilungen der deutschen Orient-Gesellschaft (December, 1915) 
announced that Hittite belonged the Indo-European family 
languages. This was followed 1917 the publication his 
Die Sprache der which convincing proof the thesis 
was set forth. 

demonstrating the Indo-European groundwork the Hittite 
language, Hrozny but confirmed shrewd guess Professor Jensen, 
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made more than twenty years earlier. some respects Hrozny’s 
work was open Semitic philologist and has not 
broad training Indo-European philology. Under the circum- 
stances was inevitable that his pioneer work should contain some 
mistakes. What pioneer work does not? the main, however, 
work stands, and him belongs the credit having 
broken the pathway for other workers the field. Other scholars 
have since joined the labor. Otto Weber, Weidener, 
Forrer, and Ehelof have participated the publication texts, 
while Forrer, Johannes Friedrich, and Ferdinand 
Sommer, the eminent philologist, have participated the labor 
explaining the facts the language and the interpretation texts. 
The Orient-Gesellschaft has published six volumes cuneiform 
texts from Boghaz Koi, the Berlin Museum, fifteen, and the British 
Museum, one. The Hittite laws and number chronicles and 
religious texts have been interpreted, and the literature grows 
apace. More recently the study has been taken some Ameri- 
can Scholars, Professor Kellogg Ottawa University, 
Kansas, Professor Sturdyvant Yale, and the present writer with 
his pupil, Dr. Speiser. 

should noted that the tablets and fragments found 
Boghaz Koi numbered about ten thousand, but many these were 
broken that often what was single tablet has become five, ten, 
and some instances twenty fragments. The original archive con- 
tained between five hundred and thousand documents. These 
were chronicles, treaties, stories, letters, incantations and other 
religious texts. These texts were written during the supremacy 
the great dynasty founded Shubbiluliuma, which reigned 
Hattushash, Hittite City, the site Boghaz Koi from about 
1400 these tablets there material written eight 
different languages, follows: 

There are examples the Sumerian language ancient 
Babylonia, which much the thought the early inhabitants 
that country has been expressed. 

There are chronicles, stories and treaties the Akkadian, 
Semitic dialect the Babylonians, and phrases from both the 
Sumerian and Akkadian besprinkle texts the other languages. 
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The great body the material the language spoken 
this ruling dynasty Hattushash, which call Hittite, but which 
they called this language more will said below. 
Proof will there offered that the structure this language Indo- 
European. 

number quotations—about 700 words altogether—are 
said the Luvish Luyyish language. There one bi-lingual 
text, Luvish and Kanish. The tablets containing Luvish are much 
broken, however, and many the lines are incomplete. Luvish 
seems, nevertheless, have been Indo-European dialect closely 
akin Kanish. The verb-endings were the same Kanish; 
made middle-passive form ari like Kanish. Thus have 
from the Hittite laws that the Luvish people were closely akin 
the Hittites that they were accorded privileges similar those 
enjoyed the Hittites 

eighteen places the Kanish texts proverbs are quoted 
language which called hat-ti-li Hittite. Scholars have agreed 
call this language Proto-Hittite. From the examples which 
have, clear that Proto-Hittite was not Indo-European lan- 
guage. The facts seem indicate that people the Indo-European 
stock had conquered people called Hittite and 
were, the time from which the Boghaz Koi tablets come, ruling 
them: that the name Kanish belonged the ruling, Indo-European 
stock, while the name Hittite belonged the subject, non-Indo- 
European stock. 

Twelve quotations these texts—about 3500 lines all— 
are said the Hurri language. The linguistic phenomena 
presented this Hurri material show that the Hurri dialect was 
closely akin to, not identical with the language the Mitanni 
which Dushratta, king the Mitanni wrote king Egypt one 
the letters the El-Amarna collection. These dialects are not 
members the Indo-European family, but, has shown, 
are apparently related the Caucasian group tongues. 

the Code 19, 20, the writer’s and the Bible, 4th 


ed., pp. 369, 370. 
Die Mitannisprache, passim; cf. especially pp. 
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are also found the texts from Boghaz Koi. They consist 
Proverbs and are given both Balish and Kanish, what call 
Hittite. number words Balish are identical with words 
Luvish and Kanish. seems impossible present determine 
whether these words have been borrowed whether Balish may also 
Indo-European dialect. 

Finally four tablets find bits the Manda language. 
found connection with people called Kikkuli from the land 
Mitanni who appear have been dealers horses and horse- 
trainers. Six seven hundred years later, the time Esar- 
haddon Assyria, people called the same name, Manda, over- 
ran the region between the two rivers, where, the date the 
Boghaz Koi tablets, the Fifty years later they came 
again, and Herodotus calls them Scythians. 

view the fact that number these languages belong 
different linguistic stock than the Kanish, and that this the case 
with Proto-Hittite itself, may well that the hieroglyphic 
Hittite mentioned above, which still defies our attempts decipher 
it, may prove contain material non-Indo-European tongue. 

all these dialects are especially interested the Kanish, 
which are accustomed call Hittite. that now turn. 
study the forms its pronouns, nouns and verbs shows that 
structure related the Indo-European group languages. 
The word-material, the other hand, appears non-Indo- 
European origin greater degree than the case most the 
languages that group. 

pronouns are rule the most generis parts speech and 
are least likely borrowed, begin with few examples 
pronouns. The relative pronoun with which may compare the 
Latin follows: 


HITTITE. LATIN 
kuis (neut. kuit) qui 
kuél cujus 
kuédani cui 
kuin, (kuit) quem 


Ab. kuéz Ab. quo 


Plural. 


kuyés kués; kui kuye 


kuél 
kuédas 
kuyus, kue 


Hittite: kiski 


Indefinite Pronoun 
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qui 

quorum 
quibus 
quos 
Ab. quibus 


. 


Latin: quisque 


the personal pronoun submit somewhat wider compari- 


son, follows: 


Sanskrit. 
aham 
mam, 
maya 
mayam, 
mat 
mama, 

Pl. 
vayam 
nas 


asmabhyam, nas 


asmat 


asmakam, nas 


tvam 
tvam, tva 
tvaya 
tvat 
tava, 
Tvayi 

vas 


PERSONAL PRONOUNS. 


First Person. 


Avestan. Greek. 


mat 
mana, 


vaém 
ahma, 


ahmat 


Second Person. 
tim, 
thwam, thwa 
thwa 


Hittite. Latin. 
ego 
ammug 


ammug mihi 
ammédaz 
ammel 
ammug 
Pl. 
ués 
anzas 


anzas 
anzedas 
nostri 


anzas 


zig 
tug 


tug 
tuedaz 
tuél 
tug 

sumés 
sumés 


éuol. 
Ab. 
A, té 
tibi 
Ab. thwat 
Pl. Pi. 
vos 


Ab. [antuhsaz] 
[antuhsit] 


Ab. pahhuenaz 


wetenit 


Plural 


antuhses witar 
antuhsas 
antuhsus witar 


well the case endings. 


pa-, pi- ‘give’; oh- ‘see’ (cf. Gr. Lat. oculus). 


than appears the surface. 
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Ab. sumedaz 


nouns submit examples Hittite declension, declensions 
antuhsas, ‘man’, Gr. watar, ‘water,’ Ger. ‘wasser;’ 
pahhar, ‘fire,’ Gr. rip; tékan, ‘earth,’ Gr. (?). 


Similar declensions other nouns could presented. 
evident, however, that the examples presented are Indo-European 
both word-material, the number and nature the cases, 


examples the conjugation verbs select the following 
stems: es- ‘be’ (cf. Latin esse); ‘set,’ ‘place’ (cf. Skr. dhé-, 
Gr. ‘take’ (cf. Lat. do(?), Gr. ep- ‘take’; 


will show that the connection between and much closer 


239 


vobis 
vobis 
vestrim 
vestri 


tékan 
taknas 
takni 
tékni 
Ab. taknaz 
taknit 


takan 
takan 
Ab. taknaz 
taknit 
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Present 
Singular 
daitti datti epsi paitti autti 
eszi dai dai epzi pai aiiszi 
Plural 
esueni tiyaueni ebbueni péyaueni aummeni 
esteni datteni epteni pésteni autteni 
asanzi tiyanzi danzi abbanzi peyanzi 
Preterite 
Singular 
esti (-ta) epti (-ta) paisti 
esta das epta pais 
Plural 
esuén ebbuén peyauén aummén 
estén epten pesten 
esir dair ebbir peyer auir 
Imperative 
Singular 
esdu dau pau ausdu 
Plural 
estén daistén ebtén péstén 
asandu abbandu péyandu austen 
Part. 
asanza abbanza peyanza 
Infinitive 
peyauvar auwas 
Supine 
essuwanzi ebbuvan(zi) peyauvan(zi) 


Such paradigns could multiplied. addition such forms 
are given should noted that the Kanish Hittite forms 
passive middle stem the use the letter This feature 
shares with the Latin and Celtic languages, the only members the 
Indo-European family which this phenomenon was previously 
known. Thus, from pa- ‘go’ have ‘were driven’ 
(KBo, No. 28); were brought’ (KBo, ii, 
1); ‘to left over’ (KUB, XIII, No. iv, 46, 47, and 
66). stem appears the same that the Gr. 
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the Lat. sto, Skr. Zd., hista‘t, which appears also nouns: 
Lat. status, Skr. sthita-h, Zd. Latin examples this 
passive such amari, ‘to loved,’ and audiri, ‘to heard’ 
will occur every one. Examples passive formations 
Celtic are the following from the Irish: carthir, cleansed’ 
(root carth-); gaibir, taken’ (root gaib-); benir, smitten’ 
(root ben-); berir, boiled’ (root 

view these phenomena and such these there can 
doubt but that the later Hittite language Boghaz Koi, which they 
called Kanish, belongs, its main grammatical structure, the 
Indo-European family languages, although these phenomena 
present number difficult problems which attention will 
called moment. When come the vocabulary are con- 
fronted great mixture. The word-stuff considerable 
degree non-Indo-European origin, and times are confronted 
with the use postpositions instead prepositions. While this 
non-Indo-European element very real, would easy overrate 
its importance. The writer’s belief from his own studies that 
ultimately will recognized that much larger part the 
vocabulary Indo-European origin than now supposed. 

The place Hittite Kanish the Indo-European family 
not easy determine. Some phenomena (especially parts the 
vocabulary) speak for fairly close relationship with the Aryan 
branch the family. Many more features seem indicate 
tolerably close relationship the Greek; while, have noted, 
the formation the passives presents feature shared Latin and 
the Celtic dialects only. The Hittite tenses also raise difficult 
question. far can see Kanish possessed but two tenses, 
present and preterite, while the other leading members the Indo- 
European family possess six seven. Hittite possess our 
earliest dated Indo-European material. had previously been 
supposed that the further back time the more closely 
should find the Indo-European languages resembling one another, 
but the phenomena presented Hittite upset all our theories. 

Sanskrit and Zend forms are quoted the authority Boissacq. 


The identity the stem is-du- with the Indo-European stem sta- was first sug- 
gested Dr. Speiser. 


These examples are taken from Padersen’s Vergleichende Grammatik der 
keltischen Sprachen. 
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has been suggested two scholars that Hittite Kanish 
was the first split from off the Indo-European group, and that 
not much sister language the other members that group asa 
cousin. There much said for this view. well known that 
the Semitic and Hamitic languages there are but two tenses, one 
denoting incomplete action, employed express actions present 
and future time; the other completed action, used express what 
happened past time. There are not wanting indications that the 
tense-systems the Indo-European tongues may have been devel- 
oped from similar begirning. Greek, for example, the tenses 
denote not much time the kind action, the present and imper- 
fect signifying action progress—moving line; the 
aorist that movement occurred some moment—a point time; 
the perfect expressing completed action. From the phenomena 
Hittite would seem that are justified assuming that here 
have the survival early stage the development Indo- 
European speech, when yet the tense-system was the same 
stage development that preserved the Semitic and Hamitic 
languages. 

too early for much attention have been given Hittite 
syntax, but, when studied, will found present features 
familiar other Indo-European dialects. Just one example will 
noted here—the Hittite method expressing condition contrary 
fact past time. the treaty Mursilis, king Hittite-city 
(Hattushash), with Kupantakal Myra find the following, (Col. 
line ff. Cf. KBo. no. 13, line 20): tak-kan BET 
A-BI-KA MAT-KA-ya U-UL ar-ha da-a-ir ma-na-at 
ku-e-da-ni-ik-ki pe-i-e-ir A-NA MAT-TI ma-an da-ma-a-i-in ku-in-ki 
BEL-an i-ya-nu-un: they had not deprived the house thy 
father thy country given some other, would have made 
some other lord over the This sentence corresponds 
structure almost exactly the structure the Greek supposition 
past time contrary fact. The Greek expresses the protasis 
the particle and past tense the verb; the apodosis past 
tense with the particle Hittite expresses the protasis past 
tense introduced takkan (takkan being the Hittite equivalent 


Forrer and Sturdyvant. 
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the Greek and the apodosis the past tense and the particle 
(the equivalent the Greek The one difference that the 
Hittite employs the particle man both clauses. 

have left ourselves space which speak further the 
underlying ethnic type revealed Hittite portraits—a type which 
find extending from Asia Minor Assyria with branch extend- 
ing Palestine—and which the Boghaz Koi texts teach was 
non-Indo-European and non-Semitic stock. Overrun the 
Hittite country Indo-Europeans, and Assyria and Palestine 
conquering Semites, partly Indo-Europeanized the one country 
and quite Semitized the others, this race imposed its facial type 
and somatic peculiarities upon all three peoples. often called 
consequence the type, but that was originally more 
nearly identical with the Hamitic. All this is, however, another 
story, which the writer hopes treat elsewhere. 


q 
j 
q 
q 


THE AZTECS AND THEIR PREDECESSORS THE 
VALLEY MEXICO. 


ZELIA NUTTALL. 
(Read April 24, 1926.) 


The discovery and study the extremely ancient pre-Aztec re- 
mains clay vessels and fragments figurines archaic type 
found buried the soil under the vast lava bed that occupies 
area many miles the southern extremity the Valley Mexico, 
are recent date. 

true that, far back 1861, (in footnote page 
his work the Popol Vuh) the French Abbé Brasseur Bour- 
bourg wrote: singular proof the existence ancient towns 
buried under lava found the wide stream 
issues from under the lava, its waters rolling fragments pottery 
and terra-cotta vessels which undoubtedly proceed from habitations 
buried under the lava. How many Pompeiis and Herculaneums the 
lavas Mexican may have Paris, the 
Trocadero Museum, small collection clay heads labelled the 
archaic and proceeding from hill near Tacuba have, ap- 
pears, been exhibition since 1881. They seem, however, have 
been overlooked Mexican and, far can 
ascertained publication has been made concerning them. 
first acquaintance with clay heads the archaic type dates from 
shortly after purchase, 1902, property close the lava 
field that portion this extends into orchard. 

walk past quarry close where lava was being extracted, 
used building material, noticed some children playing with 
small clay heads which they allowed examine and buy, for 
interest was great observing how different they were from the 
familiar Aztec type clay figurines. Although then asked the 
workmen let know when, blasting and removing rock, they 
came across other specimens, years elapsed before they brought 
245 
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more than some potsherds found under the lava. 1906 however 
one complete seated figurine and several heads came light and thus 
gradually became familiarized with type which 
specimens were then exhibition the National Museum. 

1909 during short stay Cuernavaca called 
esteemed and learned friend the late Bishop Plancarte, who showed 
his splendid collection. was thrilling experi- 
ence for both when, seeing case group archaic clay 
heads which had collected the states Morelos, Guerrero, 
Hidalgo and Mexico, expressed joyful surprise and told him that 
had come across the same strange type Coyoacan. Independently 
had both come the same conclusion, namely that our specimens 
antedated any Aztec remains. Before long the Bishop paid 
memorable visit and had the pleasure showing him speci- 
mens and then conducting him the quarry see the exact spot 
from which the latest finds had been extracted. his book entitled 
published 1911, the kindly old bishop describes 
his pleasure having his opinion that the type was pre-Aztec un- 
expectedly confirmed specimens. also tells our agree- 
ment inform each other any new finds might make and 
how, 1910 reported that had come across figurines and heads, 
identical with those our respective collections, Panuco, near 
Tampico. 

During the celebration the Centenary the Independence 
Mexico, 1910, several American colleagues were house 
guests and them showed specimens, telling them Bishop 
Plancartes’ and researches and our plan issue our publications 
the subject simultaneously. Mine never was completed for, 
March left Mexico expecting absent from home 
for couple months, but remaining away for six years and half 
account the unsettled conditions that prevailed. During this 
interval, however, the International School was or- 
ganized Mexico and the first systematic stratigraphical investiga- 
tions the sub-soil the Valley Mexico was excellently made 
Drs. Boas, Tozzer and Gamio who carried out fruitful researches 


Teotihuacan and with Dr. Spinden, found and identified the same 
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archaic type near Atzcapotzalco and vicinity under strata containing 
vestiges other cultures. 

Mr. Niven, who, during several years made excavations the 
same region, found and sold many specimens derived from these dif- 
ferent strata but, inventing names by-gone civilizations and 
attributing, arbitrarily, the various types these, and his associ- 
ates have impeded the advancement scientific truth. Previous 
return Mexico, 1917, Gamio had discovered, 
tunnelling under twenty-foot-deep stratum lava the quarry 
Copilco, three burials which carefully left situ. The skele- 
tons (the skulls which are comparatively modern Indian 
type) are imbedded sandy soil, baked hard the heat the 
lava-flow and are surrounded clay vessels plain coarse type. 
great quantity potsherds and fragments figurines the 
archaic type were also found Copilco, which situated dis- 
tance about two miles from property. had often felt the 
wish excavate under the portion lava bed own orchard 
and about two years ago, asked Sefior Gamio aid doing so, 
supplying with two his workmen trained archzological 
work. thus came about that under the auspices the Depart- 
ment Anthropology and with the collaboration the estimable 
geologist Diaz Lozano, excavations were made the depth 
feet under the lava property, the result being the dis- 
covery ancient river bed. Immediately under the lava was 
layer hard baked sand which were extremely friable scattered 
human remains, seemingly pertaining persons who had met their 
death drowning. 

Under alternating strata sand and gravel and pockets” 
the latter, depth between and feet there uniform 
stratum coarse gravel containing quantities much water-worn 
and discolored potsherds among which found two archaic figurines 
and fragments flaked obsidian with dull surface and patina 
which unquestionably indicate great antiquity. 

making deep excavation the end garden, dis- 
tance about 250 feet from the orchard, found the same river- 
bed and, the same depth, the identical layer gravel containing 
potsherds and obsidian fragments. 


= 
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3 
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This river-bed, yielding mute testimony the extremely ancient 
and prolonged occupation this valley race which made and 
used great quantities pottery particular interest be- 
cause 1910 near Atzcapotzalco, distance least miles 
from Coyoacan had found, the same depth, waterworn pottery 
and figurines under gravel bed. The figurines, which subse- 
quently showed screen illustrations during lecture gave Wash- 
ington, are peculiar type which recalls that associated with the 
prehistoric finds Michoacan. The specimens and two friends 
found situ the gravel pit were all the same type, fact that 
led name this the sub-gravel type.” Within few weeks Mr. 
James, Englishman and collector, reported that about 
two miles further north than the old gravel pit, making 16-foot- 
deep trench dry river-bed, had found sub-gravel type 
similar stratum but mixed with others the familiar archaic type. 

There another remarkable type which have only found 
limited area which covered with deep stratum Tepetate,” 
kind pumice which when falling showers during the volcanic 
eruption must have converted day into night. have reserved for 
the last mention what consider the most important discovery 
that has ever been made Mexico and possibly America, namely 
the cone-shaped, three-storied structure Cuicuilco, for the un- 
covering which owe debt gratitude Dean Cummings 
the University Arizona. His publications this archaic monu- 
ment, which there not single worked stone and whose founda- 
tions lie twenty-five feet deeper than the lava flow that surrounded 
it, are familiar you. There however point concerning 
which would like particularly draw your attention. The visit- 
ing and local geologists whom have taken Cuicuilco and con- 
sulted there about the sandy deposits the terraces and summit 
the structure have been unanimous conjecturing that must have 
been submerged for prolonged period, and that must have been 
surrounded water when the molten stream lava flowed around 
it, for nowhere did the latter come direct contact with the stones 
that face the sloping walls. has been suggested that possibly 
owing great volcanic disturbance some body water situated 
the vast upland plains the crater one the volcanoes the 
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Ajusco Toluca range may have emptied itself into the Valley 
Mexico which forms basin, the only outlet which lies its 
north, towards the Valley Teotilmacan. 

convincing proof that this valley had undergone vast in- 
undation after had been inhabited for countless centuries came 
light when, few years ago, Sefior Gamio had tunnel made running 
from the eastern side the great pyramid the Sun its center. 
This revealed that the entire structure artificial, consisting sun- 
baked clay containing enormous quantities potsherds. 

therefore evident that the recent, and therefore not gen- 
erally known discoveries gravel deposits containing potsherds 
situated under deep accumulations sand and under the Pedregal 
under stratum clay Atzcapotzalco (two localities that lie 
twenty miles apart) alluvial deposits the terraces and summit 
the monument and great quantities potsherds 
the clay which the pyramid the Sun constructed furnish proof 
that the region the Valley Mexico which, according our 
foremost botanists, the home the teozintle, the native grass 
from which maize was developed cultivation, had been inhabited 
for countless centuries race people who had practiced the 
art making pottery, flaking obsidian, cultivating the most 
valuable food plants and had built the archaic structure 
Cuicuilco. 

These discoveries demonstrate that the various ancient myths and 
traditions were founded terrible realities when they tell 
succession cataclysms that overtook the ancestors the native 
race. The first was flood from which only few survivors escaped, 
who order insure their safety case recurrence the 
same disaster, built, mud, great artificial hill which the entire 
population could take refuge and escape drowning. The lava flow 
that surrounds the Cuicuilco structure, covers the ancient river bed 
property and the burials Copilco and spreads over area 

many miles, well the adjoining deposits prove 
that after interval which, according native tradition, lasted for 
several thousand years, the Valley Mexico became center 
great volcanic activity. obvious that after the first cataclysm, 
small bands survivors must have abandoned the cradle their 
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civilization; migrated northwards and southwards; founded settle- 
ment after settlement during their search for region fertile 
their ancient homeland and spread their culture and the cultivation 
maize among the more primitive tribes they may have encountered. 

Their successors the Valley Mexico seem have been the 
Otomis who increased and multiplied until, the time the arrival 
the Aztecs, they were occupation the region. 

have the authoritative statement Dr. Daniel Brinton, 
his introduction the Maya Chronicles, that “the Mayas and 
Aztecs, though differing radically language, had legends which 
claimed community origin some indefinitely remote past.” 
tells also that cannot denied that the Mayas, the Kiches 
and the Cakchiquels, their most venerable traditions, claimed 
have migrated from the north west, from some part the present 
country Mexico.” 

have the permission Manuel Gamio mention here 
that during his expedition Guatemala recently found there, be- 
tween 14° and 15° N., even depth six feet, archaic figurines 
and potsherds exactly similar those buried under the lava the 
Valley Mexico. and other archzologists also report that, 
the same region, there are truncated conical structures, obviously 
more ancient than those pyramidal form, which recall the archaic 
Cuicuilco truncated cone. 

These proofs prolonged occupation the archaic poeple, 
precisely this belt Guatemala, particularly interesting because 
they substantiate certain facts going submit the meeting 
the International Congress Americanists Rome, next Septem- 
ber, which indicate that this region the 260-day period, named the 
Tonalamatl, which forms the basis the Maya and Mexican 
Calendar systems, was natural division time that cannot have 
been unobserved its ancient inhabitants. 

History seems have repeated itself, for after prolonged 
residence therein, the archaic people were evidently forced migrate 
owing probably volcanic disturbances and scarcity food 
products caused the plagues grasshoppers which have periodi- 
cally recurred Guatemala, Chiapas and Southern Mexico from time 
immemorial. The present one has lasted two years. Notwith- 
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standing the energetic campaign, led experts, that has been made 
the Mexican Government exterminate these destructive insects, 
their northward advance has not been arrested and they are now 
devastating the States Veracruz and reducing their 
productiveness less than one half. was the region situated 
between 16° and 18° N., occupied the Maya Kiches, who never 
claimed autochthonous, that, some remote period branch 
the once archaic people, carrying with them their period, 
established themselves. seems have been the region contain- 
ing the great ruined metropoli such Copan, Quirigua and Palenque 
that conventionalized set ideas evolved was introduced. 
Communal life was evidently organized large scale and ruling 
caste was instituted with taste for building great monuments and 
erecting, periodically, carved which entailed infinite amount 
labor submissive population. 

The Toltec culture hero and his small band celibate followers 
who appeared the high plateau Mexico era corresponding 
the third century the Christian era and were also great builders, 
may well have been members the ruling caste search fertile 
region suitable for colonization. 

Communication, land, between tribes living widely separated 
portions the Continent seems have been more constant than has 
been supposed. There can doubt that for many centuries there 
was inter-communication between the peninsula Yucatan and 
Panuco, near Tampico, boats keeping close the coast. 

Ancient Aztec traditions record how, very remote period, 
Huastecas under leader named Huastecatl landed Tampico and 
settled there, founding colony that was densely populated the 
time the Conquest. Their dialect closely akin that the 
Tzendals Tabasco, the nearest Maya race the south them. 
The landing Panuco another band colonists, the Olmecas, 
under their leader Olmecatl also somewhat obscurely recorded 
and these are believed have proceeded Cholula and Teotihuacan 
and settled there. 

That from ancient times there was trade route from Panuco 
Teotihuacan indicated the fact, stated the governor 
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Teotihuacan 1580, that the cotton the Indians used for clothing 
came from the region Panuco. 

was this same place, which, being situated well the mouth 
great river, afforded safe landing place and harbor, that the 
Toltec culture hero arrived and re-embarked, his subse- 
quent return Chichen-Itza being matter history. For many 
years shared esteemed friend Dr. Brinton’s view that the Toltecs 
were mythical people. Now inclined believe, especially 
Sahagun was told his native informants that they were the first 
inhabitants this country, that they were descendants the ancient 
maize-growing, pottery-making people who were well-nigh destroyed 
volcanic disturbances the cradle their civilization, and that 
they returned this colonizers countless centuries later, bearing 
with them the highest degree aboriginal culture that was reached 
and which they had attained during centuries residence favorable 
surroundings. 

They spoke the Nahuatl Aztec which treasure 
house knowledge, for contains thousands descriptive names 
the natural products and plants Mexico and Central America. 
Sahagun states that the Nahuas who spoke the Nahuatl tongue most 
clearly were the Chichimecs who claimed descend from the Toltecs. 

According the native historian Ixtlilxochitl, the Chichimecs 
descended from lord named Chichen, but Friar Andrés, quoted 
Chavero relates that, having often spoken with the Indians 
Panuco and Tampico and inquired about their origin, they told him 
that they had originally come from city named Chichen. The 
Mexican element the art and architecture Chichen-Itza has been 
clearly demonstrated Drs. Morley and Spinden; has the Maya 
element the columns found Tula, the first colony founded the 
Toltec colonists. The influence Maya art also discernible the 
so-called temple Teotihuacan the facade which 
decorated with full-face great masks Tlaloc and projecting 
serpent’s heads. recent lectures given the leading Mexican 
scientific societies presented data which seem establish that this 
remarkable structure, which has water symbolism and marine shells 
carved all over it, none other but the temple, recorded most 
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which was erected the fifth Toltec king Mitl, eleven 
centuries ago, honor the goddess water. 

After era great prosperity which lasted for centuries, the 
Toltec state succumbed what appears have been great volcanic 
disturbances which brought about violent climatic changes and finally 
drought that, according Ixtlilxochitl, lasted twenty-five years. 
Obliged undertake foraging expeditions order obtain food, 
the Toltecs resorted violence and warfare and after having suf- 
fered from famine and pestilence were vanquished their enemies, 
forced abandon their capital and, dividing into small bands, mi- 
grated, some going south, returning Tabasco, Yucatan and 
Guatemala, going far Nicaragua where, this day, there 
are towns bearing Aztec names. 

Later on, the Valley Mexico new center culture arose 
and under the poet-king Nezahualcoyotl, descendent the Toltecs, 
science and the arts flourished and the beautiful Aztec language 
reached its highest perfection. that time, however, the Aztecs 
had arrived the Valley Mexico from the North bringing with 
them proof their originally southern and Toltec ancestry, namely 
the Nahuatl language and the Tonalamatl 260-day period. 
though they recognized Teotihuacan the matrice 
metropolis, the Aztec name for which given Totecuacan 
Molina’s dictionary, they did not establish their capital there, but 
regarded the great religious center which, the time 
the Conquest, Montezuma and the Aztec priesthood resorted every 
twenty days. 

Bearing mind the fate their predecessors the Aztecs evi- 
dently sensibly chose island the lagoon their future residence 
and thus insured for themselves facilities for the cultivation food 
plants, and independence from any drought that might occur the 
mainland. 

All evidence seems indicate that the Aztecs also came from 
the region Panuco and were related the Huastecs from whose 
name theirs may possibly have been derived, the latter may well 
have been Hue-azteca the ancient The most important 
testimony that has been preserved concerning the origin the Aztec 
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rulers the statement made Montezuma Cortes, recorded 
Cervantes Salazar who was personal friend Cortes. The 
following translation Montezuma’s words which convey his 
sincere conviction, which sacrificed himself and his country: 


regard you not only friends but also very near relatives, for 
father told and also heard his father say so, that our ancestor and 
the kings from whom descend, were not natives this country but immi- 
grants who came with great lord who, shortly after, returned his native 
land. they were the most powerful they assumed the rulership this 
country which was the Otomis. the end many years this great lord 
returned for them but they did not want return the land they came from, 
having married here and having children and authority, which made them 
like this country and enjoy the place, which were certainly strong reasons 
their defence. That lord left, much discontented with them and, before his 
departure told them that would send his sons govern and maintain 
them peace and justice and the ancient laws and religions their fore- 
fathers and that, they did not submit willingly they would compelled 
force arms. For this reason have always believed and ex- 
pected that some day those from those regions would come subjugate and 
rule us. Therefore believe that you are they, account the direction 
you came from and the fact that your great lord and emperor who sent you 
had remembrance us. 


Montezuma’s admission that was descendant men who, 
the indignation their leader, had married native women and had 
children them, reveals that for generations his forefathers had 
been mixed race. This explains certain incongruities discerni- 
ble their civilization which, 1864, led the eminent German 
anthropologist state: The Aztecs seem have been the last off- 
spring heir extremely ancient and admirable civilization 
which had share creating developing and only imperfectly 
assimilated. its hands the ancient culture was rapidly deteriorat- 
ing and becoming mixed with barbaric elements.” 

conclusion: Recent discoveries the Valley 
Mexico reveal that remote antiquity this portion the high 
plateau which the home the teozintle, was inhabited for very 
long period race which had attained degree primitive 
civilization, made pottery, modelled figurines, employed flaked ob- 
sidian knives and built truncated conical structure faced with 
unworked stone which was surrounded lava flow period that 
geologists estimate from 2,000 5,000 years ago. Driven from their 
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habitat some the survivors the cataclysm their descendants 
seem have migrated southward and have established themselves 
Guatemala where between 14° and 15°, archaic structures, figurines 
and pottery identical with those the Valley Mexico have been 
found, also plain This region, turn, seems have been 
occupied for extremely long time and the 260-day period the 
Maya and Mexican Calendar naturally originated there. 

this was also volcanic region, subjected periodical devasta- 
tion the invasions grasshoppers entailing loss crops, famine 
and pestilence, history evidently repeated itself and migrations oc- 
curred, obviously northward and, time, the descendants the 
archaic people who had carried maize Central drifted 
back the high plateau Mexico, bringing with them the Tonalamatl 
260-day period that originated Guatemala. The foregoing data, 
substantiated the facts shall submit the International Congress 
Americanists that meet Rome next September throw fresh 
light the connection between the Maya and Aztec people and 
establish, venture believe, the unity their culture and common 
origin. 


One the intriguing mysteries the New World, which baffles botanists, 
that while the teozintle recognized the ancestor maize none the 
intermediate stages between maize and its relatives have been found. 

explanation this hiatus forthcoming assumed that during 
thousands years the food plant was cultivated sedentary people 
limited area until maize was developed. The region became uninhabitable and 
was abandoned for centuries. The intermediate types perished reverted 
the hardy primitive one which alone was fitted thrive without cultivation. 

Survivors from the cataclysm forced migrate, became wandering agri- 
culturists whose existence depended upon the quantity and quality the seed 
their crops produced, fact which would lead the utmost care being used 
its cultivation with resulting, ever increasing and rapid improvement the 
stock. The history the development maize inseparable from the 
history the origin and development civilization the American Continent, 
and there can doubt that the recent discoveries made 
the Valley Mexico have thrown unexpected and new light upon both problems. 


THE STRUCTURE AND THE 
OCCURRENCE THE UNITED STATES FOSSIL 
FISHES BELONGING THE FAMILY 


WILLIAM BRYANT. 


(Read April 24, 1926.) 


The family includes very ancient group so-called 
Ostracoderms belonging the order Heterostraci. Amongst them 
are the oldest true fishes yet discovered which are preserved indi- 
cations sense organs and viscera. Three genera are known, 
Pteraspis, Cyathaspis, and one these, being 
represented various species from the Lower Ludlow England, 
the Wenlock Limestone the Island Gothland, the upper Si- 
lurian Galicia, from rocks supposed Niagaran age 
New Brunswick, and shall presently show from the Silurian 
New York State. 

The survived till lower Devonian times and thus dur- 
ing most their career were contemporaneous with the ancient 
monorhinal Anaspids and Cephalaspids whose systematic position 
now rather well understood from studies upon the remarkable 
fauna the Christiana area Norway. 

The recent works Johan Kaier upon the Downtonian Fishes 
Norway, and upon the cranium the primitive Arthro- 
dire, Macropitalichthys, have gone long way towards clearing 
the prevailing confusion the relationships between groups 
primitive fishes, which had resulted almost many schemes 
classification there were authors. 

having demonstarted that the families the Anaspide 
and Cephalaspide have little common with the other so-called 
Ostracoderms, proposes include them together with the Cyclosto- 
mata single great branch class which terms the Monorhina. 

The Downtonian Fauna Norway: Anaspida,” Kaier, Videnskap. 
Skrifter. Mat.-Naturv. Klasse, 1924, No. 
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considers that the most important difference between cyclos- 
tomes and fishes the peculiarity that the former the paired 
olfactory nerves run into the hypophysial sac which thereupon func- 
tions unpaired nasal sac, while all higher Craniata from the 
fishes upward they constantly end paired nasal sacs. 

thus revives Haeckel’s old scheme classification; while 
the rest the Ostracoderms with paired nasal sacs including the 
the the and the 
places true fishes with the Diplorhina, believing that they be- 
long the same ancestral stem from which the Elasmobranchs were 
derived. 

The discovery well-developed jaws the Anaspide shows, 
according Kaier, that the presence absense these elements 
can longer regarded fundamental importance the classi- 
fication these highly specialized forms and therefore argues 
that the Class Agntha Dean and Woodward should abondoned. 

The late Dr. Traquair had previously shown the structural affini- 
ties the Pteraspids and their allies with the primitive, soft bodied 
and had long ago expressed the opinion that all these 
forms must have been derived from the Elasmobranchs. 

while doubting that the agnathous Ostracoderms are re- 
lated either Elasmobranchs the Arthrodira has recently shown 
that ossified skeleton probably existed the ancestral Elasmo- 
branchs which has gradually disappeared their 

His more recent studies the sensory canal system 
pids seem have convinced that these so-called Ostraco- 
derms are closely related the Cyclostomes, conclusion with which 
cannot agree view the apparently well developed semicircular 
canals, the reduction the branchial apparatus, which whether 
not was developed the form gill pouches never consists 
more than seven each side; and most all account the 
olfactory organs which are apparently developed true fishes. 
quite true, however, that these ancient creatures might ex- 

the Head the Macropitalichthyids,” Field Mus. 

Nat. Hist. Geolog. Series, Vol. No. 1925. 


Arkiv Fér Zoologi utgivet Svenska Vetenskapsakademien, Band 
No. 19, Stockholm, 1926. 
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pected have retained many primitive features, including sensory 
canal system that can best compared with the al- 
though many respects similar that fishes. 

must admitted that the Ostracoderms are such highly spe- 
cialized creatures and had even Silurian times diverged far from 
their ancestral stock that their origin exceedingly difficult trace. 

Pteraspis, the typical but most highly specialized genus the 
family found only Great Britain and Northern 
and Central Europe. includes the largest known forms and the 
only one which the scales the anterior caudal region have been 
preserved. 

Paleaspis, the only genus Pteraspids hitherto recognized 
the United States, was first discovered many years ago Claypole 
the Salina Pennsylvania. The genus known abroad 
single species from the Lower Old Red Sandstone Monmouth- 
shire. 

The material upon which this paper based consists large 
number fossil fishes from Pennsylvania, mostly collected the 
late Gilbert van Ingen Princeton University and preserved its 
Museum; collection from New York State also made Professor 
van Ingen and now belonging Princeton University and number 
specimens from New York State belonging the New York 
State Museum. 

The Pennsylvania collections all come from within the limits 
great formation red and purplish shales and sandstones which 
the name Bloomsburg Red Shale has been given. probably 
equal to, part least, the Vernon Red Shale New York State 
Salina, and certainly falls within the limits the Salinan series. 
The lower part this series apt developed heavy sand- 
stone, well seen the vicinity Bridgeport, Perry County, Penn- 
sylvania, and therefore called Bridgeport Sandstone Claypole 
his Report the Geology Perry County.” 

The middle portion forming far the larger part the forma- 
tion red shale sometimes with thin seams sandstone, but usually 
thick section rather incoherent bright red shales that easily 
weather sticky mud. 

The upper part the formation consists alternating beds 
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red shales with thin seams yellowish limestone which increase 
thickness and purity until, toward the top the formation, they be- 
come gray limestone with intercallated thin beds red shale. 

The formation succeeded conformably series gray lime- 
stones containing Leperditia two three species, which Professor 
van Ingen thought should correlated with part the Tonoloway 
Limestone Maryland. 

toward the upper half the formation that the 
beds are found. They are met with number outcroppings 
various localities Perry County and probable that several 
the occurences are exactly the same horizon. There is, how- 
ever, one section the Scheible farm one mile east Alinda, Perry 
County which establishes the fact that remains occur 
three distinct horizons. The lowest these followed 1,238 
feet shale before the second horizon reached; while 452 feet 
above the latter seen the highest horizon. This highest bed about 
1,100 feet below the Tonoloway Limestone seen nearby quarry. 

Fossils belonging the family have been found 
only one other locality the United States. This Guymard, 
southwest Otisville, Orange County, New York. the Erie 
Railway passes through deep cut showing complete section 
the Shawangunk Grit about one mile west Otisville. 

After passing through the cut which right angles the 
strata which strike and dip about 30° 35° W., the rail- 
way curves the southwest and runs approximately along the strike 
the beds for several miles descends the slope the Shawan- 
gunk Mountain past Guymard and Port Jervis. has some- 
what undulating course which due the topography, now cutting 
back into the mountain side, and now running out around hump 
the slope. These prominences are caused the exposures 
quartzite gray, olive and reddish colors, that lies above the Sha- 
wangunk Grit. This formation considerably over 100 feet 
thickness. was named Professor van Ingen the Guymard 
Quartzite because its excellent exposures this vicinity. 

Toward the upper part the Quartzite there are some thin beds 
red shale that seem prophetic the type sediments 
characteristic the overlying Longwood fact difficult 
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determine just where the limit between the Guymard Quartzite 
and the overlying Longwood should drawn. The Longwood 
seems the equivalent the High Falls the north and the 
Bloomsburg Pennsylvania the South. 

these lowermost beds red shale there occur remains two 
species Cyathaspis which propose describe this paper. 

The above account the stratigraphy the New York and 
Pennsylvania Palzaspid beds was furnished Professor van 
Ingen 1920, few years before his lamented demise and was based 
upon his own field notes, and personal investigations. 

That Cyathaspids occur even earlier rocks near Otisville 
rendered probable the discovery fragmentary shields the thin 
black layers shale the upper portion the Shawangunk grit. 

There some doubt the age this formation which carries 
abundant Eurypterid fauna. Considered Schuchert and others 
Medina age the discovery Eurypterids the Shawangunk 
was taken Clarke and Hartnagel evidence that really be- 
longed the Salina. The later discovery Eurypterids lower 
formations again raised doubts the age the Shawangunk. 
The presence Arthrophycus this formation gives considerable 
weight the theory that should included with the Medina, and 
this the view adopted Schuchert. 

Dr. Hartnagel now feels that sense this probably the cor- 
rect interpretation although quite likely that the formation rep- 
resents transgressing shore line and that therefore the Arthrophy- 
cus well the sediments may rise the series and consequently 
not the same age 

The fragmentary shields from the Shawangunk which above 
refer being probably those Cyathaspids were figured the 
late Dr. John Clarke his account the Eurypterid fauna 
that These fragments were considered Dr. Clarke 
parts Phyllocarids type hitherto unknown, but they 
seem almost certainly belong The resemblance 
not only form but ornamentation the anterior portions 

Letter the author, March 22, 1926. 


The Eurypterid Shales the Shawangunk Mountains Eastern New 
York,” New York State Museum Bulletin 107, 309: Plate Figs. 14-21. 
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Cyathaspid shields sufficiently striking warrant reéxamination 
the specimens and possible the preparation thin sections 
which would once settle the 


AMERICANA CLAYPOLE. 


large number specimens this species collected Profes- 
sor van Ingen are preserved the Museum Princeton University. 
They appear have been pretty well distributed through the Blooms- 
burg shale number different horizons are indicated the 
labels. Due the permeable nature these shales many the 
specimens are only moulds casts, the actual integument having 
been dissolved away; but there are some which the shields are 
part exceedingly well preserved and show perfectly the details 
the ornamentation suggestive the markings the epidermis 
one’s hand and fingers. 

Claypole has well described not only the superficial ornamen- 
tation but the microscopic structure the shield which character- 
istic the family,’ shall only remark that the gracefully disposed 
whorls ornamentation are really flat-topped placoid scales 
vasodentine fused into meandering ridges. probable that the 
lines ornamentation the shield, more tortuous front than 
behind, have some relation the disposition the sensory canals 
and pit organs. The superficial character this ornamentation 
well shown Plate I., Fig. 

far have been able ascertain, there are only two elements 
the armor dorsal and ventral shield. have seen 
indications either distinct rostral, the postero-lateral 
plates which Claypole described. possible that lateral plates 
may occur and that adult specimens they may firmly fused 
obliterate the sutures, but have not been able make them 
out any the numerous specimens which have come notice 
and must accordingly doubt their first, because there 

Ruedemann informs that the specimens question have been 
lost and suggests that they may possibly have come from the same beds 
which were found the Cyathaspids, indicated Clarke’s note that they 
have been found only the gray shale lying the top the grit and black 
shale series.” 


American Naturalist, Vol. 18, 1224. 
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indication them the disposition the lines ornamentation, 
and second, because both Pteraspis and Cyathaspts the laterai 
plates have their origin far forward the vicinity the orbits and 
not all Claypole showed his figure. 

The dorsal shield Americana sub-oval form 
and gently arched, the tip the rostrum slightly depressed. The 
orbits are located well forward, near the angle the snout. Their 
position indicated rounded notches the shield which de- 
pressed either side the orbit. series curved parallel ridges 
follows the contour the eye the dorsal shield. Between the 
orbits and the tip the depressed beak another pair less con- 
spicuous notches which probably marks the position the nasal 
openings. one specimen least believe have seen the impres- 
sions the cartilaginous nasal sacs. 

The location the pineal body well behind the orbits can de- 
termined median elevation the outer surface well pre- 
served but there perforation. 

Behind the pineal pair >-shaped pits may seen the 


inner surface the shield, which have been correctly interpreted 
Woodward and others the impressions ridges upon the 


auditory capsules. These markings are well shown Fig. 
Plate 


are thus enabled infer from the widely separated orbits 
and nasal sacs, that the forebrain these fishes was much better 
developed than the monorhinal while the rigid roof 
over the hind brain and the prominences above the semicircular 
canals indicate rather well developed neurocranium posteriorly. 
The pineal although strongly developed did not perforate the head 
shield and, therefore, could not have functioned median eye. 

either side the visceral surface the dorsal shield there 
series six seven parrallel elongated impressions originating 
near the margins and directed obliquely postero-laterally. The first 
pair these extends from just behind the orbits nearly the pineal. 
There can reasonable doubt that these impressions indicate 
the location the gill pouches. There are seven these each 
side. They may seen the specimen shown Plate III., Fig. 
well that illustrated Plate I., Fig. where the shield has 
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been broken away exposing natural mould from the visceral surface. 
Just within the margin this mould may seen further series 
small round pits, each marking the termination one the gill 
pouches. can only surmise that these represent the openings the 
gill sacs into common branchial duct beneath the shield. There 
is, however, indication lateral foramen the shield Pale- 
aspis such occurs Pteraspis. 

can find traces sensory canals the external surface 
the shield. These may have opened through minute pores into the 
fine grooves between the ridges which cover the outer surface and 
may seen the section (Plate I., Fig. Cyathaspis shield 
which they agree with this respect, these grooves are nearly roofed 
over projecting arms the ridges. 

Two specimens, however, have come under observation which 
are suggestive this respect. 

one these, Plate Fig. which natural mould 
the inner surface the shield pair ridges symetrically disposed 
arise near the pineal pit and running forward and outwards terminate 
the margin the shield just front the orbits. These un- 
questionably indicate the location and direction the supra-orbital 
canals together with part the pineal line the lateral sense organs. 
there are indications sensory canals the middle vascular 
layer the shield imagine that the sensory canals must have tra- 
versed the basal lamellae. This supposition strengthened 
another specimen seen Plate IV., Fig. This the visceral 
aspect fragmentary shield, which are shown surface stains 
number branching double canals, these stains having apparently 
filtered through the inner layer the shield. The entire dorsal 
sensory canal system has recently been explained 
excellent paper and hence need not further treated 
here.® 

The ventral shield oval and slightly emarginate front while 
the ornamentation consists fine, sub-parallel longitudinal lines. 
not certain whether not the ventral shield formed the lower 
border the orbits, although have indicated restoration 
bitruncata. 


the Sensory Canals Pteraspis and op. cit. 
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have seen certain indications that would point squamation 
the caudal portion the fish, nor any fin rays. There 
spine attached the posterior end the dorsal shield 
There are, however, associated the same beds with the Palzaspid 
remains and sometimes closely adjacent them, small detached spines 
similar structure and ornament, which suggest may have been 
located the mid-line the back the fish just behind the dorsal 
shield. They would then have corresponded the enlarged fulcral 
scales which one sees the perhaps nearly related but later Drepanas- 
pide. have figured Plate II., Figs. and two these spines 
but not know which the two species they per- 
tain. 

BITRUNCATA CLAYPOLE. 


Claypole did not fail perceive second species 
the Bloomsburg Shale. Unfortunately his published figure 
incorrectly oriented the dorsal shield which shown upside down. 
This fact and the imperfection his specimens may have misled 
Woodward, Eastman and others into the later supposition that 


Fic. bitruncata Claypole. Restoration lateral aspect. 
The tail hypothetical. 


was the ventral shield americana: while who 
published restored drawing from cast the neural surface 
the dorsal shield this species, suggests that may have been the 
male form americana.- have never seen any indications 
sexual variations the body form either the Ostracoderms 
the Antiarchi cannot agree with this interpretation. Neither 
have observed the lateral wings cornua which his figures show. 
Figure hypothetical restoration this more slender species. 

have figured Plate Fig. mould the inner (neural) 


Evolution the Vertebrates and their Kin,” Philadelphia, 1912, 365, 
Fig. 244 
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surface the dorsal shield this form. The plate crushed 
folded longitudinally nearly the median line but shows well 
profile this species, including the depressed snout, the truncated 
hinder end and the lateral contour. The pineal, orbital notches, 
and the hypothetical semi-circular canal pits are preserved this 
specimen though not well shown the photograph, and hence there 
doubt that the specimen represents the dorsal shield. will 
seen that there are indications lateral plates and that the 
flanks the shield deepen posteriorly. Plate III., Figs. and 
have figured the ornamentation the snout region which appears 
somewhat finer, with less complicated whorls, while the ridges 
are not flat and are more widely separated. 

The orbits are located the angle the only slightly rounded 
snout. Their position indicated Plate III., Fig. which shows 
well the pineal and the >-shaped notches. 

The impressions the branchial pouches are well shown 
somewhat weathered natural mould from the inner surface 
dorsal shield this species figured Plate III., Fig. There are 
apparently seven these each side. 

The collections Princeton University contain several slabs 
upon which may seen groups individuals both the above 
species, all oriented the same direction though disposed 
the action tide stream. 

The presence Lingula these deposits well the associa- 
tion Cyathaspis the Otisville formation with the remains 
Eurypterids and Arthrophycus militate against the assumption 
that these fishes are fresh water forms. The Eurypterids both 
the Bertie waterline and the Pittsford Shale are now known 
associated with typically marine organisms. the latter formation 
have found trilobites and brachiopods the same beds with the 
Eurypterids, and Ruedemann has recently described new marine 
fauna from the waterline with many delicate forms which can hardly 
have been transported thither according the theories O’Connell 
and Grabau. 
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CYATHASPIS RUEDEMANN. 


1916. Anatifopsis wardelli Ruedemann. New York State Museum Bulletin 
102: Plate 32, Figs. 1-12. 


Some years ago Mr. Wardell, while collecting Eurypterids 
for the New York State Museum, secured number peculiar frag- 
mentary fossils from the shaly layers interbedded with Guymard 


Fic. Outline dorsal shield Cyathaspis wardelli 
(B) Cyathaspis van ingeni Bryant; Central disc, median dorsal; 
lateral cornua; narial opening; orbit; pineal; rostral plate. The 
heads are shown though crushed fiat. 


Quartzite not far below the Longwood shales. These were studied 
Ruedemann who suggested that they might the shells 
palzozoic barnacle and accordingly placed them Barrande’s genus 
Anatifopsis cirriped crustacean. 

Later feeling that these fossils might after all pertain Ostraco- 
derms sent specimens for examination with the result that 
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thin section the plates immediately established the fact that they 
belonged the Heterostraci. Afterwards Professor van Ingen 
visited the locality and collected number better preserved speci- 
mens which show that have here the Pteraspidian genus 
pis, represented two species. 


Fic. Cyathaspis wardelli Ruedemann. Outline ventral shield. From 
nearly perfect specimen the Museum Princeton University. 


Unlike the dermal armature consists five plates, 
Figs. the dorsal surface there large central disk 
flanked each side lateral plate cornua; while the snout 
covered short azygous rostral plate not hollow Pteraspis. 
single large ventral plate loosely articulated with the laterals. 
the European species traces short median spine have been 
observed the posterior end the central disc. 

Cyathaspis wardelli, Plate Figs. Plate IV., Fig. 
small oval form averaging less than mm. length. Its body 
wide, the snout slightly depressed, the dorsal shield gently arched 
from side side. The prominent orbits are further emphasized 
the superficial striz the shield and the notches for them are 
contained within the lateral plates. The rostral, Plate IV., Fig. 
short and rounded front with slight depression the beak, 
either side which are gently rounded eminences which the nasal 
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openings may have been located. limited entirely the dorsal 
side and not produced below form hollow cone Pteraspis. 
The hinder contour the rostral demarcated well-defined 
suture and the direction the superficial striz which run trans- 
versely parallel the curving suture line. 

The pineal body situated behind the eyes and median point 
well within the central disc. The paired >-shaped furrows the 
inner surface the shield referred description 
indications vertical semi-circular canals are also conspicuous 
well-preserved specimens, Plate II., Seven gill pouches 
each side may counted one specimen belonging the Prince- 
ton Museum. There seems postero-median spine the 
central disc. 

The lateral plates are articulated firm sutures the rostral 
front and the central disc the side. They are widest front 
and gradually taper behind the curved sides approach the straight 
suture line. They not extend far back European species. 

The ornamentation the lateral plates consists sub-parallel 
anastomosing lines which curve around the orbits and gradually 
straighten out behind until they run regularly fore and aft. the 
central disc the ornament somewhat involved front but runs into 
more less longitudinal striz behind, some which diverge towards 
the outer posterior extremities the shield. The minute structure 
the superficial ornament this species well shown Plate I., 
Fig. where the seen flat-topped T-shaped denti- 
cles vasodentine fused into meandering lines. Only the outer 
and middle layers the shield appear this illustration, the inner 
laminated layer having been broken away. 

The ventral shield (Fig. oval, slightly emarginated front 
which suggests that the mouth must have been situated close beyond. 
The ornamentation consists nearly straight parallel lines running 
fore and aft. 

Some the foregoing elements are easily recognized Ruede- 
mann’s where Fig. the emarginate front ventral 
shield. Fig. shows crushed dorsal shield with the right orbit 
preserved. the original specimen the right lateral suture can 


cit. Plate 32, Figs. 11, 12. 
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easily discerned although not well shown Ruedemann’s figure. 
The original Fig. apparently detached lateral plate the 
left side broken off behind the orbit and figured upside down. Figs. 
and show the cancellated middle layer the shield. 

have seen indications sensory canals any the speci- 
mens, nor have any caudal scales spines been discovered far 
know. The tail all these forms unknown but Schmall- 
hausen has pointed out purely mechanical grounds, there every 
reason suppose that was heterocercal. 


CYATHASPIS VAN Sp. Nov. 


hitherto unnoticed species Cyathaspis occurs the Guymard 
Quartzite near Otisville, New York for which propose the above 
name memory the late Professor Gilbert van Ingen Princeton 
University who contributed much our knowledge the 
formations Pennsylvania and who made the collections upon which 
these studies are based. 

The body form Cyathaspis van ingeni (Fig. long 
and slender the width the dorsal shield being contained nearly 
two and half times the length, which averages about mm. 
Seen profile (Plate II., Fig. 1), the shield greatly arched longi- 
tudinally, while the snout bends sharply downward. rather 
narrow front with slightly depressed beak. The orbits are 
prominent rounded notches the laterals and are placed well 
back behind the rostrum. The rear end the shield rounded. 

The lateral plates not extend much more than half way along 
the central disc being received excavation the latter, which 
vase-shaped, the posterior portion the central plate widening 
continue the line the outer border the laterals. 

The rostral short, its posterior suture line being easily dis- 
tinguished well-preserved specimens. (Plate IV., Fig. 2.) 
articulates with the central disc well with the front ends the 
laterals. The suture lines between the central disc and the laterals 
are easily visible front but are more completely fused behind, 
that they are difficult make out. The ornamentation closely 
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The ventral shield long and somewhat arched. narrow 
and emarginate front, widening out behind. one specimen 
large portion what may lateral plate firmly fused the 
margin the ventral plate and bends sharply upwards. This ele- 
ment may, however, simply upturned fold the ventral plate 
and this seems the more probable because there visible eye 
notch should seen lateral plate. evidences append- 
ages caudal squamation can found any the rock which 
the fossils are contained. 

When first found, the remains the were described 
the internal shells some cephalopod related Sepia. Later 
they were considered Roemer crustaceans, some they 
were compared with fossil sponges, while even recently have 
shown they have been mistaken both for Phyllocarids and for cir- 
riped barnacles. 

Obscure and difficult interpret are the fossils here discussed, 
have another striking instance the surprising migrations 
Siluric times such lowly and rapidly evolving creatures these 
primitive chordates. Loaded with unwieldy and cumbersome armor, 
they yet managed distribute themselves over thousands miles 
from one border another, altering but little their spe- 
cific characters. They were succeeded Upper Devonian times 
even more specialized relatives, the flounder-shaped Drepanaspis and 
and Hussakof and pointed out some years 
the latter these typically European genera now known New 
York State few fragmentary remains from the Portage group. 


EXPLANATION PLATE 


americana Claypole. Forepart the dorsal shield show- 
ing snout, orbital notches and superficial ornamentation. The right side 
the shield has been broken away, exposing natural mould from its visceral 
surface. This shows impressions gill pouches, apparently with outlets into 
chamber beneath the shield. Bloomsburg shale, Perry County, Pa. 

Fic. wardelli Ruedemann. Photomicrograph the middle 
and superficial layers the shield. The inner lamellar layer has been broken 
away and does not appear the illustration. The rows flattened tubercules 
vasodentine with their overhanging tops are well shown. Guymard Quart- 
zite beds, near Otisville, 


Bulletin, Buffalo Society Natural Sciences, Volume XII. Catalog 
Fossil Fishes the Museum Buffalo Society Natural Sciences. 
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EXPLANATION PLATE 


Fic. Cyathaspis van ingeni, spec. nov. Complete dorsal shield side 
view and showing the right orbital notch. The ornamentation mostly worn 
away. Guymard Quartzite beds, near Otisville, 

Fics. sp. Detached spines. Perhaps from the mid- 
dorsal region behind the shield. Bloomsburg shale, Perry County, Pa. 

Fic. bitruncata Claypole. Complete dorsal shield preserved 
natural mould the visceral surface. The orbital notches, pineal pit and 
impressions semi-circular canal ridges are preserved this specimen, al- 
though not well shown side view. Bloomsburg shale, Perry County, 
Pa. 

Fic. wardelli Ruedemann. specimen lacking the 
posterior end, and seen dorsal aspect. Much the shield has been destroyed. 
Guymard Quartzite beds, near Otisville, 

Fic. Cyathaspis wardelli Ruedemann. Visceral mould from complete 
dorsal shield showing its uncrushed contours. Guymard Quartzite beds, 
near Otisville, 


EXPLANATION PLATE III. 


Fic. americana Claypole. Fore part dorsal shield shown 
mould from the visceral surface. Arising from the pineal region are 
seen pair sensory canals running forwards and outwards. The impressions 


gill pouches and other visceral organs are well shown. Bloomsburg 
shale, Perry County, Pa. 

Fic. bitruncata Claypole. Mould from the visceral surface 
nearly complete dorsal shield showing the impressions the gill pouches. 
Bloomsburg shale, Perry County, Pa. 

Fic. bitruncata Claypole. Enlargement part the or- 
namentation the pineal region the specimen illustrated Fig. Blooms- 
burg shale, Perry County, Pa. 

Fic. bitruncata Claypole. Mould from visceral surface 
dorsal shield the region the snout, showing position orbits, pineal body 
and semi-circular canals (?). Bloomsburg shale, Perry County, Pa. 

Fic. bitruncata Claypole. Nearly complete dorsal shield 
shown partly mould the inner surface. Bloomsburg shale, 
Perry County, Pa. 


EXPLANATION PLATE IV. 


Fic. wardelli Ruedemann. Nearly complete dorsal shield 
showing the sutures the rostral and right lateral plates the central disc. 
3%. Guymard Quartzite beds, near Otisville, 

Fic. Cyathaspis van ingeni, spec. nov. Fragmentary dorsal shield 
showing the anterior suture the left lateral plate. Guymard Quart- 
zite beds, near Otisville, 

Fic. sp. Visceral view fragmentary shield showing 
stains apparently leached through from sensory canals. Bloomsburg 
shale, Perry County, Pa. 


CULTURE PROBLEMS NORTHEASTERN 
NORTH AMERICA. 


FRANK SPECK, 
University Pennsylvania. 
(Read April 23, 


For some time there has been growing need general survey, 
with attempt interpretation, the cultural properties the 
Indians northeastern America. Thus far nothing supply 
has been produced because few ethnologists have been attracted suf- 
ficiently the region field research. The culture area 
the northeast immense one. Simplicity its striking quality, one 
which the first glance creates feeling wonderment its un- 
developed primitiveness, raises alternative thought; that may 
simplicity arrived through recession from more complex 


phase culture under which these tribes have previously lived. 


The northeast, however, bears strongly upon one’s consciousness, 
after more mature contemplation these possibilities, being one 
the world’s marginal cultural zones, archaic one, where human 
groups have resided for long time apart from culture changes and 
innovations which have arisen elsewhere the continent. ac- 
count for this need only consider the isolated position, the wide, 
cold and inhospitable country, thinly populated and removed from 
outside contact reason its continental terminal position and 
distance, bounded the east the Eskimo the Atlantic coast, 
the north and northwest the Eskimo the Arctic coast, and 
the west and south distant groups having more advanced in- 
stitutions whose inclination was more evade the barren north than 
migrate into it. can hardly think these natives the 
northeast otherwise than populations who have followed the 
same mode existence for very lengthy period, tribes which, 
this, cling the habitat the caribou and moose, the beaver, the 
seal, and the bear, the canoe-birch and the long semiarctic winter. 
Let say, then—fully realizing that for the present paper like 
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mine can hardly expected solve any the problems set down,— 
that the northeastern Algonkian represent people who very long 
ago achieved their adjustment the requirements far northern 
existence and kept matter where they had migrate to. 
and they were residents North America the end just 
before the last period glaciation, that they retreated northward, 
keeping the barren territories the north these opened with 
the release the land from glacial after-conditions. 

Let turn, however, from anticipation, the actual survey 
the ethnology the northeast and the comparison its features 
with those other northern culture areas. the whole are 
confronted, will become clear, with display traits the 
northeast which mark this area most primitive its culture 
character. Local developments are weak; the general economic 
characteristics occur also among the Athapascan and even some 
Siberian tribes. The isolation the Labrador enclosure has caused 
become vast preserve elements which, upon being traced 
out respect distribution and then analyzed for their motives, 
show them belong most fundamentally the vast circumpolar 
culture belt. can imagine the requirements crude age 
domiciled the barren interior semiarctic environment, can 
readily understand what features would most important the 
maintenance life for people located. The contrasts, might 
added, which stand forth against the Eskimo type culture 
bordering the coasts are very great, and yet some correspondences 
may expected and are actually found. 

Practically developments taking place within this area have 
achieved distribution outside its confines, another evidence its 
isolation and primitiveness. There has been apparently oppor- 
tunity outlet for backflow either culture people toward the 
west. All the drift has been eastward. The area had perhaps 
achieved its optimum population; the balance may have been 
reached, belong which the natives did not increase against the rigors 
exacting and infertile environment. Yet another reason for 
the stability population seems stand forth, that early native 
ingenuity was not sufficient overcome the difficulties and unre- 
sponsiveness barren nature inventions which would have 
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enabled the people exploit fuller degree the resources the 
peninsula. Then, above all importance, the further considera- 
tion that the region was out the path culture diffusion. And 
remained untouched the advancing frontiers agriculture, 
the agricultural arts, and those native political and social change 
which moved from certain centers the southeastern, central and 
southwestern portions the continent transforming unruled, unor- 
ganized hunting units into settled and socialized farming groups 
see them among the central and eastern central Algonkians. 
consequence the geographical isolation the northeast, espe- 
cially that portion lying north the St. Lawrence, there seems 
scarcely practice idea that can attributed migration 
from neighboring cultures. This statement might seem indeed 
dangerously positive, but present seems borne out 
survey the ethnic content. The one exception may the 
use tobacco and stone smoking pipes. 

Progressing the task enumerating the divisions and charac- 
teristics the northeastern culture area whole, two well marked 
subdivisions stand forth. One lies north the St. Lawrence, em- 
bracing the entire Labrador Peninsula, except where the Eskimo 
inhabit the coast, from line connecting the mouth the Saguenay 
river with the southern extremity James Bay. This includes the 
bands hitherto known collectively Montagnais and Naskapi. The 
other division lies south the St. Lawrence the maritime prov- 
inces Canada and Maine, roughly from the Merrimac river 
Quebec and eastward, embracing seven eight known tribes the 
Wabanaki group. 


St. LAWRENCE. 


may first devote attention the northern, Labradorean 
group, one inhabiting vast region about 625,000 square miles 
extent with probably less than 4,000 Indian inhabitants. The cus- 
toms and speech the bands throughout the Labrador Peninsula 
are the wider sense essentially uniform. Differentiation chiefly 
noticeable between the smaller bands located the southern water- 
shed toward the St. Lawrence, those the northern Ungava and 
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Atlantic watershed, and the thirdly those that portion the 
peninsula facing towards Hudson Bay. There has been the past 
tendency among ethnologists classify these groupings though 
they possessed tribal differentiation, referring them Montag- 
nais, Naskapi and Cree, respectively. There seems, however, 
little real cause for this terminology, since neither group-con- 
sciousness nor internal political relationship can shown for the 
same areas, fixed dialectic properties and definite culture 
analogies appear mark them out distinctly within the geographical 
boundaries mentioned for them. for racial characteristics, simi- 
lar types, head form, face width, complexion and stature, seem, 
from available data, equally dispersed over the whole extent the 
population. Dr. Hallowell’s conclusions, from the physical mea- 
surements taken during our recent expeditions show preponderance 
the meso-brachycephalic type similar the Athapascan. Recent 
measurements from the area are about the same those previously 
published Boas. 

would then more appropriate, believe, refer the 
Indians the whole area Montagnais-Naskapi, there being some 
authority earlier literature for the retention these two names. 
The designation the bands the eastern coast James and 
Hudson Bay Cree, Skinner, proves upon further test for 
the present inadvisable, view the fact that the dialects here pos- 
sess affinities with those the Labrador interior much with the 
Cree proper. must also give Michelson credit for having reported 
the same conclusion some years ago. And again correction may 
made the prevailing opinion, one much promulgated ethno- 
logical writers, that the Height Land, forming the watershed be- 
tween the St. Lawrence and the Arctic drainage area, boundary 
dividing the so-called Montagnais the southern side from the 
so-called Naskapi the north. turns out, indeed, that the in- 
habitants the southern coasts, from about Seven Islands eastward, 
are, both speech and habit, almost identical with the interior groups 
recognized true Naskapi, and hence deserve inclusion with them. 
The amount our material, may confessed, both linguistic and 
ethnological, has heretofore been sufficiently meagre excuse such 
inaccuracies nomenclature which have all been more less 
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guilty. only since some knowledge the forms speech and 
customs the remaining bands the central and eastern interior, 
and the eastern coast, has been acquired that are permitted 
offer the following survey, which will, subsequent years, have 
still further corrected and improved. From cultural and 
the same time dialectic viewpoint, the whole peninsula falls into 
three subdivisions, the most extensive and the most simplified one 
that covering the whole northern, the central and eastern territory, 
that is, roughly outlined, from Lake Nichicun (Lat. 53, Long. 71), 
the interior, north Ungava Bay (Lat. 58), east the At- 
lantic Labrador coast, where, course, the Eskimo range cuts 
short. The same grouping embraces the southeastern coast, coming 
into the Gulf St. Lawrence about far Seven Islands, (Lat. 
50, Long. 66). This the area which the term Naskapi has been 
applied quite generally the past, and may still refer the 
bands within the same name. Among the natives themselves 
the term Naskapi denotes crude, uncivilized being 
From this point on, ascending the Gulf and river coast the St. 
Lawrence little above Quebec (Lat. 47, Long. 72), and then 
sweeping northward point, above Lake St. John, about Lat. 51, 
Long. 72, and eastward following the Height Land back the 
longitude Seven Islands, the boundary the traditional Mon- 
tagnais cultural and dialectic type. The Indians realize marked 
differences between the bands occupying the interior and those near 
the coasts. The former are called People the Interior,” 
miwilnits), the latter People the Sea” (Winipegwilnits). The 
northwestern sector finally, from below Rupert House (Lat. 50, 
Leng. 80) and Rupert river northward far the uninhabited 
region north Lake Minto (Lat. 57), and east about latitude 
characterized set dialectic and culture factors entitling 
recognition present another separate subdivision. re- 
mains yet actually unknown block. For this undergroup 
may propose the name Mistassini-Cree, accepting the authority 
those who have referred the Mistassini Indians proper exhibit- 
ing the typical culture traits the bands residing immediately 
north and west them. Since, however, the Mistassini have been 
occasionally called Naskapi, might unnecessary give this 
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group separate name were not for the divergence their speech, 
respect phonetics, from that the accepted Naskapi type 
the central and eastern interior. There reason think, also, 
that when more known the populations northwest the Mis- 
tassini, those lying the Hudson Bay Coast, other characteristics 
social and religious matters will cause them rank somewhat 
farther apart. 

Within the Labradorean group may included the former 
Beothuk Newfoundland, whose identity confronts one the 
world’s ethnological puzzles. There are some undecided affinities 
between this group and the Eskimo, the Montagnais-Naskapi and the 
Wabanaki. The entire absence satisfactory linguistic matter how- 
ever, makes the Beothuk identity uncertain, though Algonkian 
nearness has been noted. Other ethnic features, and the scant 
cranial material preserved the museum St. John’s, examined 
and measured Michelson, suggest derivation from the Labrador 
mainland. general survey extant culture remains New- 
foundland also suggests Labrador rather than Wabanaki rela- 
tionship, unless one regard the so-called Red-Paint culture Maine 
constituting true and independent type and its horizon have 
extended far enough east have anciently encompassed Newfound- 
land. word two might added concerning the characteristics 
Beothuk art, which over hundred specimens, the form carved 
bone ornaments, have been figured Howley. The prevalence 
carved zigzag and triangle pattern series, the exclusion almost 
any other motives, corresponds the type decoration noticeable 
the one hand western Eskimo, and the other Micmac and 
Wabanaki carved ornamentation. The resemblance 
enough present invitingly perplexing problem. 

For the purpose specification, may recognize certain inte- 
gration groups the whole northeastern culture area which may 
referred the use the term “band.” choose this the sense 
proposed Goldenweiser, meaning group inhabiting fairly defi- 
nite territory with more less stable number families, possessing 
paternally inherited privileges hunting within tracts comprised 
again within the boundaries the territory, often having elected 


chief, speaking with idioms and phonetic forms which they and 
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outsiders distinguish themselves composing unit, often with 
minor emphasis this that social religious development, often 
with somewhat distinctive styles manufacture and art, and finally, 
travelling together horde and coming out trade definite 
rendezvous the coast. Intermarriage, the majority cases, 
also within the families the band, though should not 
imagined that anything but the most humanly expedient associations, 
economic, social and marital, may exist between neighboring bands 
and even sometimes between those whose central haunts may some 
hundreds miles apart. 

The more less separate bands the Labrador peninsula num- 
ber approximately, far know present, twenty four. Since 
have only recently determined most them, the names and loca- 
tions given should regarded tentative the case the more 
remote northwestern groups, concerning whom have merely 
information derived from indirect native sources and not through con- 
tact. The band names may accordingly announced follows: 
White Whale River, Ungava, Barren Ground, Big River, Kaniapus- 
kau, Petisikapau, Michikamau, Northwest River, Nichikun, East 
Main, Rupert House, Mistassini, Lake St. John, Chicoutimi, Escou- 
mains, Bersimis, Godbout, St. Marguerite, Shelter Bay, Moisie, 
Mingan, Natashquan, Musquaro, and St. Augustin. present 
will suffice say that these bands are located the drainage areas 
the rivers and lakes whose names they bear. 

Here the Labrador area observe the exclusive occupation 
hunting, trapping and fishing, not even relieved the excitement 
warfare. The equipment the chase included the simple bow 
and arrows with bone points. The arrow feathering and the so- 
called Mediterranean form arrow release suggest Eskimo influ- 
ence. (The map distribution Wissler’s latest book error 
respect this region.) lance with bone point, for spearing 
caribou and beaver, and the toggle harpoon for salmon and seals bear 
also the same complexion. The usual crooked-knife with iron 
blade common use. Gill nets both twine and babiche,” 
and bone pointed fish-hooks, which require swallowed the 
fish, are employed. Snares and deadfalls are constant service. 
transportation the bark canoe, the man-drawn toboggan, and 
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later times the sled drawn dogs, and, above all importance, 
very broad rounded snowshoe are characteristic. The snowshoe 
stands forth prominently the whole area that Birket-Smith 
speaks snowshoe culture area. The bands the southern 
part the peninsula have adopted the French manner dog harness- 
ing with shafts and tandem traces; those the north and east, that 
the Eskimo, with the single dog-trace span formation. Shelter 
provided the conical, many-poled birch-bark wigwam the 
southern area, while the north, where bark cannot gotten, 
caribou skin. The question three four pole foundation, 
emphasized Wissler, does not enter here since the poles are not 
taken down when camp moved. The dome-shaped lodge skin 
and canvas also general among the northern and eastern bands. 
Heat and light come from wood fires. noteworthy feature here 
the hunter’s temporary shelter, open-topped head-high wind- 
break canvas skin thrown about the wigwam poles. Protection 
from cold depends solely upon immense fires built low within 
trench the snow. The Athapascan resort similar practice. 
Clothing woven hare-skin coats with hoods, and leggings, and 
wrist bands, neck bands, wraps, separate sleeves, socks, wraps and 
robes. Besides the woven hareskin winter clothing, caribou skin 
hooded and sleeved long-coats and leggings, with detached mocassins 
are usual forms garments. The men mostly wear their hair 
bobbed the neck, some wear long and unconfined except for 
rag band keep out the eyes, the women theirs wrapped 
little wooden blocks hanging over each ear. household furnish- 
ings there are the ubiquitous birch bark baskets and buckets and 
food vessels, for the most part ornamented with etched designs. 
Bags and pouches many varied forms, are made animal and 
bird skin with the pelage and plumage left on. 

Tools and implements are largely bone and antler; harpoons, 
arrowheads, fish-barbs, skinning-tools bear tibia cut obliquely, 
hair-scrapers caribou leg bone sharpened one side, grease-scrap- 
ers the same bone cut obliquely and notched the end, snowshoe 
needles, awls, knives, meat-picks, perforators, needle-cases, bag-fas- 
teners and pipe-cleaners. indicative early phase in- 
dustry that the bone tools are never hafted but used the naked 


7 


280 SPECK—CULTURE PROBLEMS 


hand. woodwork there are shallow oval bowls, spoons with flat 
wide bowls, needles for weaving hare-skin garments and robes, net 
needles, canoe-mallets, knife- and awl-handles and net-floats. Among 
recent manufactures iron has come into use for the crooked-knife 
blade, semi-lunar scraper used seal-skins, awl-point and European 
file and axe. 

Stone implements are restricted hand mauls for breaking 
caribou bones and pounding meat, net-sinkers and whetstones, and 
the beautifully conceived, thin-walled, slate tobacco-pipes with keel 
base. pre-European camp sites find the curved edge stone 
gouge, slightly grooved axe, slate points and large quartzite and 
quartz chipped blades evidently ancient knives and scrapers. The 
stone missiles are not generally barbed, though they have stem, re- 
sembling these the Eskimo. 

Art decoration includes painting leather, birch-bark etching, 
and later times, beadwork and silk embroidery. Color symbolism, 
animal and plant realism, and conventional double-curve designs with 
tree and floral forms having prophylactic values are prominent. The 
geometrical zigzag and triangle are also patterns. Designs have spir- 
itual control powers, are dream derivation, act fetishes, short 
are symbolic factors. The wide, shallow, single-headed drum with 
snares buzzer, general, and skin rattle, both serving indi- 
vidual religious and shamanistic accompaniments and assembly 
dances. Among amusements the pin and bone game somewhat 
Eskimoan form prominent. 

There is, short, religious organization nor are there group 
organized government, seldom even chiefs, regu- 
lated inheritance chieftainship, regulations tending toward 
social control, mother-in-law taboo, betrothal nor marriage 
ceremony other than the social dance. 

The social organization the whole group seems based 
solely upon the family unit, the kinship sense, each having its 
own inherited, somewhat fixed, territorial limits. Personal names 
here generally have reference some personal peculiarity sobriquets. 

Mythology and folklore correspond rather closely with those 
the trans-Laurentian Wabanaki tribes, the characteristics su- 
pernatural beings, the weakness ceremonialism, and the 
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general individuality versions told different narrators. The 
attributes the trickster-transformer hero appearing here under the 
name Tsekabec (Tsekabesh), for which present trustworthy 
meaning can suggested, indicates that there reason think that 
the career cycle the hero resembles both that the Cree-Ojibwa 
and the Wabanaki. 

The belief supernatural owners the game widespread 
Labrador, and apparently exclusive the Montagnais-Naskapi 
among northern Indians but brings again that perplexing ques- 
tion eastern North American and Palzasiatic correspondences. 

feature individual hunting ceremonialism the whole north- 
eastern area, north the St. Lawrence, the dance 
string.” have treated this object short paper, describing 
pack- carrying-strap for small game, decorated with symbols 
representing dream-helpers some cases game animals desired 
the hunter. There much individual variation its features. 
This object held reverence its owner the source dream 
revelations the whereabouts game. find its employment 
general among the Montagnais-Naskapi, and even weak vestiges 
its former occurrence among the Wabanaki. yet only inferences 
may drawn its existence among the Athapascan, from one 
direct reference among the Loucheux. believe, however, that 
may yet reported more generally from the northwestern interior. 
similar situation seems exist respect the general distribution 
the hunter’s dream revelation aside from association with the 
nimaban. have, course, continuous distribution, over the 
northeast, dream instructions concerning the hunt. This sub- 
ject have dealt with more detail separate papers. While 
has not been emphasized the Athapascan region psycho-reli- 
gious feature, its presence there may interpreted from the myths 
already available collected Petitot and Goddard. Another cere- 
monial feature diffused over the whole north divi- 
nation means scorching animal’s shoulder blade and observing 
the cracks and burnt spots. Beginning with the northeast find 
this practice divination general and fundamental among the 
Montagnais-Naskapi. does not, however, seem have crossed 
the southward the St. Lawrence, judging from existing Wabanaki 
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sources. And the westward have reference among the 
Athapascan, from only one mention far know, recorded 
Whitney among the Dog Ribs. While its American occurrence was 
overlooked Kroeber his recent volume—pardonably enough 
since had not been recorded print although known and observed 
some years ago—the same author has traced and emphasized its 
widespread occurrence throughout northeastern and Central Asia, 
and even westward into the ancient classical Mediterranean region 
and northern Europe, associate sheep domestication. 
might add that this idea encounter one the most significant 
indications circumpolar culture affinities that can cited. 

The foregoing remarks are intended summarize the ethnology 
the Labrador area. Localized developments the northeast are 
few comparison with those belonging the older more funda- 
mental culture layer covering both sides the St. Lawrence. The 
lack development organized shamanism, government, social 
organization, religious ceremonies and economic processes signifi- 
cant. Evidently culture contact with other Algonkian groups, who 
have benefited contact their turn with more southerly centers 
diffusion, touched the surface the Labrador region only very 
lightly, and even then only its southern and southwestern margins. 
may add that hardly thing can pointed out indicative dif- 
fusion from Iroquoian sources; consideration having important 
bearing upon the problems the north, because shall meet with 
strong Iroquoian influence south the St. Lawrence now 
come the survey properties Wabanaki ethnology. 


THE WABANAKI SOUTH THE St. LAWRENCE. 


South the St. Lawrence river, that great cleavage line Al- 
gonkian culture and physique the north, reside the members 
the Wabanaki group, beginning with the Pigwacket New Hamp- 
shire, extending eastward and embracing the Sakoki, Aroosagunta- 
cook and Norridgewock, and the better known Wawenock, Penobscot, 
Passamaquody, Malecite and Micmac, with approximate native 
population some 6,000. Here relatively uniform set internal 
features, all the fundamentals, compare rather closely with the cor- 
responding properties the Labradoran group. But number 
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evidently more recent acquisitions seem indicate departure from 
the older common level. The Wabanaki group shows again the 
preponderance snow-shoe hunting and economic winter-activity, 
the important feature well-defined family hunting territories and 
loosely organized society manifesting tendency toward patriarchy. 
Here likewise the chiefs lacked pronounced power, though con- 
federacy developed later modeled after that the Iroquois. In- 
dustrial life was characterized the constant use birch-bark for 
the covering the conical, tipi-like wigwams, canoes, baskets and 
containers, even armor. The iron-bladed crooked-knife, and the 
iron double-handled draw-shave are here they are all through the 
north. The area characterized, too, particular phase north- 
ern art which floral patterns and curves lead importance where 
the field beadwork. The beadwork probably development 
from earlier painting technique moose-hair embroidery. 
other fields decoration, woodwork, and the porcupine quillwork 
the Micmac, the triangle and zigzag are characteristic figures. The 
dog was present domestic creature aiding the hunt, but never, 
this area, for drawing the toboggan. The snowshoe indispen- 
sible and has medium width. Certain peculiar properties arche- 
ology such the limitation types utensils the gouges, celts, 
slate bayonet-like spears, and so-called plummet stone” stand out 
prominently, while small stone arrowheads, grooved axes and pot- 
tery (except the coast) are scarce. Special mention needs 
made the survival among these tribes the moose-hide canoe 
which Birket-Smith assigns antiquity equal that the 
Eskimo kayak. This craft points early period northern life 
even the importance given him challenged. 

Despite the evidences ancient northern culture among the 
Wabanaki tribes can perceive radical influence political, so- 
cial and religious life and mythology, resulting from contact with 
highly organized more sedentary tribes their southern and western 
margins. Since there practically nothing said, far 
now known, this point when referring the Montagnais-Naskapi, 
discover here our main interest respect problems diffusion. 
Due almost exclusively education contact with the Iroquois, the 
Wabanaki nomads, original culture and temper comparable with 
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that the Labrador nomads, later their development acquired 
maize, tobacco and bean cultivation. These brought mass ad- 
hering customs and beliefs. Among such are included pottery 
(though should not too certain that crude pottery industry 
had not developed earlier associated with meat diet), splint basketry, 
the wooden corn-mortar and stone pestle, number recipes for 
preparing food, together with planting, and harvesting customs, and 
folklore. Besides have reason include most likely some in- 
fluences the form garments, hair-dressing and the wooden baby- 
carrier. simplified form the Iroquois game snowsnake is, 
for instance, another diffusion far eastward the Penobscot 
least, something for amusement and gambling strangely unknown 
the Montagnais-Naskapi. 

Some these influences reached only part way across the Mari- 
time Provinces, having little effect upon the tribes east the An- 
droscoggin and Kennebec rivers. The arrested passage number 
Iroquoian and central Algonkian material traits eastward may 
account for their presence, often thoroughly assimilated, among the 
Abenaki St. Francis, and their corresponding weakness, poor as- 
similation, complete absence among the Penobscot, Malecite and 
Micmac. Many the dances and their songs are analogous those 
the Iroquois. the field religious ideas and mythology 
notice many differences between the north and south St. Lawrence 
areas, most which may also attributed Iroquoian diffusion 
working eastward south the river. Yet should emphasized 
that there deep sub-stratum resemblance, both negative and 
positive, the mythology both subdivisions. The culture-hero 
conception Wabanaki cosmology has peculiar analogous quality 
that the Montagnais-Naskapi, something still studied. has 
been remarked economic life, the assimilated and central 
Algonkian features mythology become less noticeable pro- 
ceed toward the Micmac the far eastern extreme. quite 
evident that this group the most divergent the Wabanaki divi- 
sion which, Dixon has pointed out some years ago, may at- 
tributed earlier wave eastward migration. Referring the 
probability certain typical older Algonkian sub-strata mythol- 
ogy, note the extreme east, the absence certain things fun- 
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damental the mythology the central Algonkian and the Iroquois, 
notably the flood story and the earth-diver theme. 

The social subdivisions the Wabanaki were the family bands, 
with territorial locations paternally inherited. There considerable 
social similarity with the Labrador tribes. The family groups bore 
animal names derived from the principal animals figuring their 
territories. Personal names were generally derived from animals, 
often the family animal patronyms. They appeared nicknames 
referring some personal peculiarity. War names, titles those 
referring incidents were not common occurrence. 

Another social feature this area was the segregation young 
unmarried men lodge themselves. Their mission during this 
period was cultivate running power and endurance pursue the 
moose, for communal provender. Formal marriage and betrothal 
rites are present also, the medium proposal being wampum. These 
complexities contrast, not appear north the St. Lawrence. 

The social and political superiority the Iroquois was waging 
successful conquest over the Algonkian one 
ethnologist has called them, northern New England and the Mari- 
time region, but Iroquoian contact could not educate them out 
their individualism and into the community sphere. Nor could the 
same influence convert their religious life from its simple belief 
personal guardians, dream-controls and forest demons, into the or- 
ganized cults the Central Algonkian region. Shamanism illus- 
trates similar aspect. The individual conjuror’s practices the 
whole northeast contrast with the assembly performances the 
Iroquois shaman societies and the Central Algonkian Midéwin society. 

Agriculture can hardly regarded having existed the early 
culture complex the north, where the Algonkians are most typi- 
cally revealed, for the details corn cultivation, myth, and ceremony, 
are correspondent with those the Iroquois and not extend east- 
ward beyond the pale Iroquois influence general. Since corn 
can cultivated farther north than was early historic times, 
may reasonably assume that its cultivation would not have been 
abandoned any native migration region where could possibly 
retained even with great effort. Abandonment under adverse 
physical conditions not the fate agriculture when once acquired 
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either neolithic Europe, or, cite case the New World, the 
arid southwest. 

That the Wabanaki peoples have been undergoing culture meta- 
morphosis from simpler stage, adjusted northern 
environment, into more developed one, through the influence 
Iroquoian proximity just considered, seems fairly manifest. 
intimate study Penobscot ethnology shows forth, indeed, several 
time strata, the upper one being marked the display many more 
advanced social and economic properties. The change culture 
brought about the arrival the Iroquois their borders seems 
have been curiously coincident with alteration climate and 
faunal distribution the Laurentic region. 

make clearer the change life which has affected the southern 
and southwestern margins the northeastern Algonkian habitat 
zone, one may refer the northward movement faunal and floral 
life which has had its influence upon local culture properties. 
well known, for instance, that certain the animals the Transi- 
tion zone are moving beyond their former limits into the Hudsonian. 
For instance, northward drift the moose has been observed, 
working toward the northwest and toward the northeast, and the same 
true the red deer the northeast, which have only within the 
last two three years been first met with and killed hunters the 
Lake St. John band Montagnais. These cervine movements have 
been accompanied what seems retreat the caribou toward 
the north. related movement has been especially true the caribou 
and deer Maine. With the introduction animals belonging 
warmer zone, change has actually been recorded for some 
the Algonkian tribes within the past two generations from primarily 
nomadic hunting type life, concerned with the caribou and moose, 
one more settled character, partly agricultural, and centering 
around the Virginia deer. These changes are usually contemporane- 
ous with the introduction splint basketry, the decline the birch- 
bark basketry, and introduction ethnic features which seem 
comparable those the Iroquois. Pottery, the north, may 
possibly ascribed such culture diffusion. refer the Penob- 
scot Maine and the Montagnais northern Quebec examples 
this recent culture change. With broader vision human cul- 
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ture changes mind seems suggest analogous picture what 
believe happened European prehistory. 


PROBLEM. 


Having now touched upon the fundamentals culture among the 
two major divisions the northeastern Algonkian north and south 
the St. Lawrence, may turn the consideration some 
general problems concerned with both participants the same 
original and probably ancient complex. The archzological question 
confronts once. 

view the climatic and geographical conditions seems safe 
say that other type culture can have existed the far north 
than that possessed both the Eskimo along the coasts and the north- 
ern Indians who occupy the inland regions And if, Steensby 
believed, the were inland people, then might 
imagine the two, early Eskimo and Indian, have carried 
similar life earlier period force economic circumstances. 
Steensby’s argument favor interior origin for the pre- 
Eskimo regarded favorably, turn out demonstrable, 
then may account for the resemblances culture marking the 
Eskimo and the northern Indians general, for the normal economic 
life the Indian strikingly like the Eskimo summer life. The 
latter phase Steensby accepts the fundamental Eskimo culture 
the winter phase development. matter just how the 
solution may develop, are coming slowly conviction Eskimo 
and possibly economic affinity. The 
annual cycle the sub-arctic Indian embraces two phases exist- 
ence respect reminding one greatly the seasonal changes 
living among the Eskimo, which have been regarded Boas, Mauss, 
and Steensby primary characteristic their culture. The 
northern Algonkian, and, far can ascertain from still incom- 
plete records, the Athapascan well, perform seasonal migration 
from the interior steppes and forests where their winter hunting- 
grounds are located, the coasts the great bodies fresh 
water, spend there the early summer, returning when the season 
insect pests, forest fires and drought have ended, their winter 
stations the interior. That this migration fundamental north- 
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ern culture shown the accordance between the movement and 
the intention the part these nomads allow the game their 
family hunting-districts period quiet for the purposes recu- 


peration. Principles game conservation which are general the 
economic life the northern Algonkian, have undertaken 
show number papers the subject, are only possible under 
the conditions outlined above. During the summer season their 
water locations, the northern populations subsist upon fish, water 
fowl, eggs, and the instances where they come out from the in- 
terior the sea, sealing becomes important activity. shall refer 
later the significance this dual culture pattern attempt 
suggest explanation for the differences material 
which characterize culture levels Maine and Labrador; material 
regarded some referrring different chronological periods 
human history, not different racial groups. Whereas look 
from this point view not impossible that these same may 
differing phases life single people, comparable those just 
mentioned, contemporaneous occupation. While the direction 
respect seeking land and water the summer migration the op- 
posite the case the Indian and the Eskimo, nevertheless the 
primary character the movement has both cases similar and 
related origin—a seeking for requirements which have developed 
into necessities life their own culture sphere. The almost uni- 
versal Algonkian dependence upon hunting and fishing, insisted 
upon Wissler, the accompanying limited nomadism, the develop- 
ment means forest transportation, and hunting snowshoes 
all illustrate the basic features northern Indian culture. While 
the annual winter migration from land sea the part the 
Eskimo, especially those west Hudson Bay, appears the re- 
verse among the northern Indians. The northern Indian and Es- 
kimo cultures, then, seem largely differentiated through the develop- 
ment winter culture among the Eskimo. The two summer 
would living less contrast with each other than the same Indians 
and their Algonkian relations the Plains, for instance, the 
upper Mississippi region where they practiced agriculture and ac- 
quired its associations. are position, cite one case, 
understand why the Eskimo will eat raw meat, while the Indian never 
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does. The former often obliged feast upon meat without being 
permitted the nature his situation prepare means fire, 
for example, when game has been killed the sea ice. The 
Indian seldom under this stress, since his game inhabits the timber, 
ever small, where fuel obtainable. 

solution the problem will, nevertheless, 
impossible until much later despite our most ardent hopes the 
present. Things may even develop remind the theory 
racial migration eastward the north, least far concerns 
the interior peoples and cultures, suggested some time ago Sollas. 

The presence type culture central Maine, somewhat 
specialized respect burials, accompanied quantities red 
ochre, abundance grooved gouges,” so-called plummets and 
long slate spear-points, has provided ground for recognition 
assumedly very old culture Moorehead under the name Red 
Paint people. This introduces another aspect the problem. The 
absence skeletal material from this level, however, makes specula- 
tion regarding authorship yet reliant entirely upon stone artifacts 
limited class-types. the Maine coast are shell-heaps containing 
the remains long-headed people who employed much bone imple- 
ment making and who made pottery. The usual types stone ob- 
jects from the Red Paint graves seem not represented the 
shell-heaps and vice versa. Hence there tendency regard them 
products different ages industry, the shell-heaps being sup- 
posedly later. While there some plausibility such explana- 
tion, according the usual methods should not 
overlooked that the Algonkian this well the Labrador 
region rotated through two cycles economic life, the one consisting 
short early summer season the sea and lake shore engaged 
fishing and, when the sea coast, gathering shellfish. The same 
seasonal variation marks the ethnic life the existing Labrador 
tribes well those recently inhabiting Newfoundland, and cor- 
responding double phase seems, despite the lack 
general survey knowledge, true some parts the southern 
Labrador region. This habit would seem back then very 
early times. From the interior sites come the gouges, axes and 
chipped quartzite edged-tools, evidently implements the chase, 
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several types which seem correspond with those Maine both 
form and frequency occurence. Then there are the shell- 
heaps the southern Labrador well the Maine coast, though 
the former are nowhere deep those Maine. From the in- 
terior locations both areas the implement types contrast with those 
the coastwise shell-heaps. both areas the annual summer mi- 
gration the coast and the fall migration away from note- 
worthy. Might this fact later prove approach for the understand- 
ing the apparent stone-age culture differences? Along this line 
consideration might given the question arising from the absence 
certain implement types the shell-heaps which occur the in- 
terior, and the absence pottery and bone implements the Red 
Paint burials the interior while they exist some abundance 
the shell-heap sites. could, however, imagine that the specialized 
life the coast sojourn spring—in contrast with the winter life 
amid the snows the interior—where different diet would con- 
sumed, where shell-fish, fish and seals would taken, where the re- 
quirements for fire and shelter would different, that the bow and 
arrow, lance, and wood-getting activities the winter period, sub- 
sisting moose and caribou, would bring into play implements for 
which there would need whatever the coast during the warm 
season. thought alone could account for the frequency the 
large stone gouges the red-paint burials the interior and their 
lesser frequency the coast, assume that these tools were 
employed tree-felling. For the fuel problem would assume pri- 
mary importance the winter life the northern natives before 
the acquisition European axes, and may plausibly expect that 
some the primary tool types stone must have served fuel- 
getting. the aboriginal peoples the interior Maine roasted 
much their caribou and moose meat for their winter subsistence 
they would not unlike the Montagnais-Naskapi today, and they 
would not have missed their cooking vessels. Besides, when occasion 
arose, birch-bark vessels have been brought into use for boiling with 
stones. almost inclined say that the ordinary earthenware 
vessels the Algonkian type would not have endured the cold and 
exposure the nomadic northern winter-period. have some- 
what similar instance the case the meat-eating Plains culture area 
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whose nomadic populations got along without pottery vessels. 
long Moorehead’s idea two cultures Maine still continues 
hold its plausibility, and until skeletal remains from the interior 
are obtained, and until the the Labrador interior 
known, this well other interpretations conditions must re- 
main only suggestions. 

some such device Douglass’s tree-ring method the south- 
west, Montelius’s clay-laminz studies Swedish could 
found here, might more solvable situation. But the in- 
terformational mix-up the archeology eastern America leaves 
chaos present, except for some indications perhaps strati- 
fication both vertical and horizontal, possibly several supposedly 
Algonkian strata beneath those Iroquoian determination, brought 
forth Skinner and Parker. 

derstanding early culture the northeast the prevalence bone 
utensils many forms contrast with paucity stone material. 
Skinner, particular, does not consider proficiency bone-work- 
ing have been earmark early Algonkian industry. has 
generally been thought that where supposedly Algonkian sites, show 
abundance bone material that this has been due patterning 
after Iroquois industry. Labrador, and certain extent the 
Wabanaki area, the preference bone material for the manufacture 
arrow-points, harpoons, knives, skinning-tools, scrapers, awls, 
perforators, needles, punches, needle-cases, and fastenings for bags, 
striking note native industry. Some these bone articles 
among the Montagnais-Naskapi have undoubtedly been patterned 
even after Eskimo tools, some them actually obtained directly 
from the Eskimo and imitated Indian workmen. Stone tools are 
limited scope this region. find hammers and mauls, grooved 
axes and few flaked stone blades representative the types lithic 
industry. There seems good reason regard bone-working, the 
Labrador region especially, art great antiquity, since the 
shell heaps the south coast the peninsula these implements also 
occur. Whether not are expect the discovery older 
and lower stratum culture this region showing greater preva- 
lence stone material question still settled. The explora- 
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tion sites the interior is, accordingly, matter most urgently de- 
manded. cannot resist the temptation, while mentioning the bone- 
working industry, refer the resemblance form and function 
between the implements here northeastern America and those found 
the closing period the Old Stone Age and the Transitional 
Europe. The specimens which have been illus- 
trated Obermaier coming from the Azilian and Maglemosean 
levels Europe suggest some forms which are familiar the con- 
temporaneous life the Labrador Indian. Among them per- 
forated bone-pointed implement described 
difficult conceive just what objects could have been polished 
implements this type but when find bone pins and fasteners 
used among the northern tribes fasten bags and pouches skin, 
and when both American and European forms have hole near one 
end evidently for the attachment thong, more plausible explana- 
tion use seems once suggested. The legbone large animal 
bevelled cutting edge occurs both the European age referred 
(and possibly far back the Mousterian) and northeast- 
ern America—in Europe being regarded ax,” but Labrador 
constantly observed use skinning tool, brought into service 
after the beast’s hide has been opened the belly incision with 
sharper knife. Again the sharp bone-pointed 
has been called Europe where occurring latest Palzolithic levels, 
likewise fish-hook, almost identical form among the Montag- 
nais-Naskapi. But here the hook fastened abrupt angle 
wooden bone shank means raw-hide lashing, which, when 
swallowed the fish with the bait which has been wrapped around 
it, causes the fish impaled its gullet, not its gills. 


AND ATHAPASCAN CORRESPONDENCES WITH THE 
NorTHEAST. 


may now touch upon the question contact and reciprocal in- 
fluence between the Eskimo and the northeastern Algonkian divisions. 
should recalled that until the seventeenth century there had been 
long period conflict between the Montagnais-Naskapi and the 
Labrador Eskimo beginning the Hudson Bay coast and terminat- 
ing the Atlantic coast. This leads entertain the inference 
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that considerable later borrowing might have taken place both 
sectors the Labrador area. shall see shortly that the common 
possessions the two races this section are quite numerous, but 
the problem somewhat different when try trace the origin 
some peculiarities which confront the physical characteristics 
and culture properties the Wabanaki below the St. Lawrence. 
had definite information prove the earlier existence Eski- 
moid populations this zone, might easier explain why the 
Wabanaki are longer-headed and why few peculiarities industry, 
costume, shamanism, and mythology seem correspond with traits 
which mark the Eskimo. Two points view may taken the 
matter. One, that there were Eskimo south the St. Lawrence, 
and that during early migration Algonkian toward the east 
they were absorbed the latter. The other would attribute the few 
Eskimoan cultural peculiarities period before the bifurcation 
the Algonkian their eastward drift, when the parental group was 
contact with earlier Eskimo some era residence nearer the 
Hudson Bay region. any case feel that the Eskimo corre- 
spondences material culture, which notice both north and south 
the St. Lawrence, and which not overlap these regions, are 
indication that the earlier home the possible common ancestor 
the Montagnais-Naskapi and Wabanaki divisions was region 
where Eskimo contact happened. This reason keep the 
opinion northern, earlier center dispersion. 

review the Eskimo and Labrador Indian correspondences 
shows fairly large number features. material culture 
have sled dog-driving the northern sector, the skin canoe, conical 
tent, upper garments which are characterized the pointed hood and 
sleeves, and the mocassin. The latter also sometimes 
attached upper portion forming boot. have the peculiar 
method female hairdressing, the hair bound bunch over each 
ear, tatooing females vertical lines the chin and cheeks, and 
incidentally toilet article the back scratcher. Fur bags are ex- 
ceedingly common both cultures, some taking the form the 
compartment pouch, other being the bags made the leg 
skins deer caribou sewed lengthwise side side. have 


certain correspondences games, notably the cup and ball game. 
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and physical contests. weapons and utensils have the toggle- 
harpoon (without, however, the separate foreshaft), the pronged fish 
spears, slings, and nets; knives the so-called semilunar scraper 
ulu), both stone and iron, the crooked-bladed knife, the leg-bone 
scraper, the use thongs hide, the bone needle and needle case, 
and the stone, flat-based tobacco pipes. The arrow with flattened 
nock and two feathers, and the primary, first and second finger, 
arrow release may added. the skin tent may possibly pos- 
sess architectural history which worth noting this regard. 
Among the Wabanaki, for instance, the bark covered, conical tent 
flat the front side door section. This feature distinctive, 
particularly for the Wabanaki area, and also noticeable tent con- 
struction occasionally north the St. Lawrence. The peculiar way 
which the Eskimo erect the skin tent, with the opening the front 
tripod which supports the ridge pole, suggests little use 
the imagination that among the tribes where the front the tent 
flat across, the construction may have developed from similar prin- 
ciple. 

resume our list correspondences, find, both among the 
Eskimo and the northeastern Indians, the family the social unit. 
Some moral laxity noticeable. Government simple absent, 
and have, besides, the well-noted records cannibalism, and the 
abandonment orphans and the denied that the Indians 
have followed these latter practices, references them are numerous 
enough mythology. few similar taboos diet and the treat- 
ment remains game; the sharing the first game killed may 
also noted, together with the belief the reincarnation the 
souls animals. Certain shamanistic features stand forth, such 
shaman exploits, the use which instrument itself some- 
what similar form among both groups, shamanistic individualism 
and the non-differentiation priests and shaman the community. 
mythology, while the correspondences are not profound, have 
underlying analogy the frequency human tales, the redundancy 
the cannibal, the abandoned-boy, the abandoned-aged motives, 
and, north the St. Lawrence especially, tales connected with the 
overlords different types game animals; for instance, the king 
the caribou and the king the fish. Again, the practice carry- 
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ing contests and ordeals establish the championship strangers, 
commonly alluded Wabanaki mythology, remindful 
Eskimo procedure the stranger’s ordeal the wrestling match, foot 
racing, high jumping, the heat test, and the freezing test. 

String figures among the Montagnais-Naskapi are numerous, and 
many correspond those the Eskimo, comparing the findings 
Jenness and Mrs. Hallowell. Among these Indians they are executed 
influence the game animals and serve magico-religious agents 
for success. 

Something may also noted concerning shamanism. con- 
trast with the western Eskimo idea plurality the spirit-familiars 
the shamans, Turner and Hawkes both note that the Labrador 
shamans not aspire more than one guardian spirit. The col- 
lection tales from the east coast Labrador contains some nar- 
ratives expressing the belief the single spirit helper. One these, 
especially, (The Place Where the Caribou Live) corresponds its 
principles with the Montagnais-Naskapi tale the master the 
caribou. similar version given Turner for the Ungava Es- 
kimo may infer that there some basis accuracy the 
provenience the single guardian spirit belief Labrador both 
among Eskimo and Indians. 

characteristic form decoration flat surfaces bone 
among the that incised dots which through 
use become filled and blackened with grease and dirt. They receive 
the designation bird tracks among the Naskapi where find 
this form ornamentation more predominant. The dotted 
ornamentation has been shown Boas also characteristic 
the central Eskimo, and has appeared since the time his writing 
(1907) specimens from Etah, North Greenland, and again the 
westward Hudson Bay. Boas has one instance suggested 
Indian origin for them. Now, recent paper having been able 
report the same ornaments among the northern and eastern Labra- 
dor Indians, can revive the idea with new force. inclined 
regard these common old property the sub-arctic peoples. 
And, might added, the incised zigzag and triangle decoration, 
which finds setting far and wide among the Algonkian-speaking 
tribes from Newfoundland Hudson Bay, another art motif 
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comparable antiquity for them. Birket-Smith, from his observations 
member the Thule Arctic Expedition has recently reported 
among the Eskimo the Mackenzie region eastward, decorative ele- 
ments corresponding those the Indians, another evidence 
culture approach the two peoples. 

The simple dot design, which might appear connected with 
the dot and circle ornament Eskimo art, mind ques- 
tion considered itself. The dot alone very widespread. 
appears regions North America, where its connection with 
northern culture, and, more narrowly considered, with Algonkian, 
not too obvious unless trace its diffusion from base very re- 
mote antiquity. doing this, would seem, might even ex- 
tend back something old Aurignacean milieu from its 
occurrence there specimens ivory carving. The circle-dot de- 
sign, however, much more restricted its occurrence, and, being 
essentially confined the Eskimo, would appear development 
associated origin with the intensive use the drill and compass 
dividers, working bone and ivory, which not prominent 
beyond the horizon Eskimo technology. The simple dot ornament, 
the other hand, could arise from technical process which the 
simple awl point-perforator the common instrument. such 
the north where the extensive employment skin, bark and wood 
material, all which involve constant use the awl, outstand- 
ing characteristic industrial life. This setting eminently accords 
with what strike among the northern, and, the same time, typical 
Algonkian populations. 

This list far from being complete respect details. And 
again there are some ideas included appearing Athapascan 
culture and which undoubtedly will call for revision from the point 
view meaning. Nevertheless the scope the correspondences, 
even its present rough form, appears significant. 

The earliest fundamental association with outside culture and 
linguistic group the earlier Algonkian peoples seems then have 
been with those Eskimoan type. yet may feel, however, 
that the tendency regard few suggested linguistic affinities the 
two groups pointing relationship, insufficiently grounded. 
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should not forget that modern Eskimo culture contains dis- 
tinct properties contrasting with those the adjacent Indians, who 
nowhere show possession the composite bow, the spear-thrower, 
the foreshafted harpoon, the stone-lamp, and the snow-house, and 
competent winter raiment, while the Eskimo get along without snow- 
shoes, bark-canoe, and overlook the utility the dead-fall killing 
animals, device which universal among the Indians. hav- 
ing invented these very devices that Eskimo culture has taken its 
distinctive form enabling its producers dwell the Arctic 
coasts—a developed culture with analogy anywhere fact. 

The Algonkian the far northeast compared with other Algon- 
kian groups portray early phase culture their own stock 
large much the Athapascan inhabiting the far northeast their 
range towards Hudson Bay. Wissler has emphasized the need in- 
formation from the northeastern Athapascan recognition the 
likelihood their possessing the unmodified culture properties their 
group. For the Athapascan have undergone modifications their 
northwestern, southwestern and southern boundaries Eskimo, 
Northwest Coast, and Plains culture contact respectively. Morice 
recognizes the same. The marginal modifications seem analogous 
the situation among the Algonkian who have been modified un- 
doubtedly the southwest and southern boundaries contact with 
the peoples the upper Mississippi valley and the middle Atlantic 
region, and probably the far north Eskimo attrition. elimi- 
nation, then, some the evidently more recent acquirements, the 
underlying Algonkian and Athapascan culture phases seem brought 
more closely into affinity, whatever this may mean view their 
radically different speech types. 

While have little from the Athapascan base comparison 
upon, there are, however, some properties differentiating them from 
the equally northern Algonkian. The Athapascan are recorded 
eating meat raw upon occasion. have records, either docu- 
mentary living, this practice the northeast. The technique 
porcupine-quill embroidery and weaving general Athapascan 
property, and the design motives are geometrical, not curved. The 
techniques weaving babiche bags and willow-rod baskets are also 
common there. the northeast this not done. mythology the 
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earth-diver motive, and social organization the mother-in-law taboo 
and puberty rites for girls are present Athapascan tribes. All 
these features are absent among the northeastern Algonkian. There 
are undoubtedly other features comparison which deserve enumera- 
tion one better acquainted with Athapascan ethnology. For in- 
stance, has recently been shown Speir that respect kinship 
terms the Montagnais Labrador belong the same category the 
people the Mackenzie basin—all cousins being addressed 
siblings. 

Some northeastern correspondences with the Athapascan are, 
however, worthy serious consideration possible derivations from 
the northwest. The type shelter, even some its peculiar de- 
tails, the moccasin and lower portion legging attached, the abund- 
ance birch-bark vessels and receptacles, and their etched decora- 
tions, the patterning the sleeved fur coats, and fairly large num- 
ber minor utensils, offer correspondences. Some few these 
ethnic traits extend not only over the northeastern and Athapascan 
areas, but into Asia well. Especially significant the wide dis- 
tribution scapulimancy that is, divination scorching the shoul- 
der-blade animal until, the burnt spots and cracks appearing, 
desired answer question, indication given the direc- 
tion which game may found. The burnt shoulder-blade divina- 
tion complex enough origin not have arisen independently 
among unrelated groups people, and therefore, believe, may 
pointed out one number probable trans-Pacific practices 
which came eastward with very early migrant peoples. con- 
nected with the practices recorded antiquity from China, and many 
adjacent regions, through Siberia well the west ancient 
Greece. 

The significance the northeast fundamental, archaic, in- 
terior culture the north appears, moreover, with some additional 
emphasis view the fact that lies somewhat below and apart 
from the type culture which characterizes the Athapascan 
the northwest. And would proceed for this reason regard the 
Athapascan probably representing culture phase, likewise interior 
its adjustments, which has intruded upon margin the north and 
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retained some peculiarities which point relatively more recent 
Asiatic influence, perhaps migration. 


GENERAL ASPECTS. 


Reverting again the consideration some wide culture gen- 
eralities, observe the northeast region high individ- 
ualism. There seem virtually group conventions. This 
simple culture condition permits military organization, system 
government, social fraternities nor septs, short nothing more 
along such lines than what characteristic the central Eskimo, 
and far know, the unmodified Athapascan. 

Here the individualism the forest nomadic Algonkian the 
older school asserts itself strongly does its leaning toward 
anarchy, toward personal religion revealed through dreams, and 
conducted more less individual and personal rights sacrifice, 
propitiation and conformance self-imposed hunting regulation 
taboos and controls. The Algonkian the entire northeast seems 
have preserved his individualism grand scale, even circum- 
stances where his original simple order life has become invaded 
superior ideas and institutions. Contact with the more advanced 
tribes the western borders seems, indeed, have stimulated 
faculty interpretation and imagination the Algonkian mind, 
but not have fundamentally caused wholesale changes. The same 
surprisingly true even respect recent European contact. 

have remarked before, the isolated position, together with 
the culture simplicity particular, the groups north the St. 
Lawrence, puts them light extreme significance. Owing 
geographic conditions they have remained intact from outside influ- 
ence degree, would seem, that can hardly paralleled else- 
where the continent, unless the Plateau area the Rockies. 
There but one source contact borrowing open for consideration 
and that with the Eskimo Labrador and those Hudson Bay. 
The Eskimo being fairly well known, evaluation here possible 
for someone who will give the matter detailed attention. would 
seem that the culture properties the Labradorean peoples may 
extremely archaic and fairly representative Algonkian period 
which may the most typical that can associated with the picture 
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the early culture form this widely flung and much varied 
linguistic stock. 

considering the validity the argument, might make ref- 
erence law zoology which seems applicable the distribution 
man. The principle observed that species which not show 
great divergence from the supposed parental types have either re- 
sisted disruption, that they have not been subject changing in- 
fluence, that they are near the center distribution where their 
type has been developed, remaining about the same characteristics 
within their unchanging habitat. 

test this condition northeastern America shall have 
secure evidences the time duration the inhabited period the 
Labrador peninsula, through exploration along the 
coast and the interior. This has only been superficially begun 
the coast, present evidence hand basis for even 
guess the result. 

Simplicity and individualism both characterize the institution 
shamanism among the tribes north and south the St. Lawrence. 
Thus these extreme eastern regions, which are equally remote from 
contact with the Central Algonkian, whose shamanism amounts 
institution, find noteworthy for the same lack organiza- 
tion. There are two ways which the contrast between the north- 
eastern and the central phases culture may looked at. One 
trace the northeastern conditions backward, assuming process 
degeneration, later time from former more elaborate stage, com- 
parable perhaps that which flourished among the tribes the cen- 
tral group. Skinner expressed himself favor this view. Let 
briefly review this possibility. There something support such 
assumption the facts history and geographical association, 
for know, through local tradition, and statements made the 
Jesuits, that the Montagnais-Naskapi may have been immigrants 
from the west the northeast. And have reason credit 
similar Wabanaki claim that their predecessors came from further 
west. Thus there appears have been two-fold, possibly bifur- 
cated drift, one time down the St. Lawrence basin from the central 
regions, one stream penetrating the country the north its shore, 
the other covering the region its south. the culture gradations 
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among the Algonkian from the Atlantic coast the east the 
Great Lakes region may explained, one choose so, as- 
suming process deculturation progressing with the advance 
migration from the central region eastward toward the north Atlantic 
coast. There is, however, another attitude toward the situation, one 
that touched upon introductory paragraph, accepting the evi- 
dence simplicity culture natural more elementary type 
remaining near the environment where assumed its normal form. 
this case would interpret the conditions inferring that the 
eastern tribes have retained form simple, primitive culture which 
the central tribes have outgrown. The likelihood the eastern 
migration the Algonkian does not pose strong objection 
this case because such migration early time could have served 
remove part the primary Algonkian group from the range 


outside culture influence, leaving this division the conservator 


the original simple culture reason its self-isolation. Dixon 
has already treated this possibility paper Algonkian migration. 
this case would expect meet the culture gradations spoken 
going from east west. Besides this, there would certain 
local, non-uniform individuality customs due the irregular 
nature group development while progressing from simple, nas- 
cent stage through the various periods growth congenial their 
circumstances. seem find these variations many minor 
respects from tribe tribe the group, much some ethno- 
logical topics that the differences would natural tribes which 
are widely separated instead among neighbors the case 
some respects among the Penobscot, Malecite and Micmac. For 
the Algonkian have been extensive imitators not innovators. The 
local variations seem considerably less the Montagnais-Naskapi 
group north the St. Lawrence, the more marked uniformity 
here being plausibly evidence more recent dispersion from the 
earlier center. There ample historical ground for this idea because 
within historic times the Montagnais have expelled the Eskimo from 
the St. Lawrence coast and have themselves been pressed upon 
the Iroquois. The Wabanaki group the other hand has been resi- 
dent where find located for some time prior the opening the 
historic period, since have records all extensive tribal 
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movements. Hence these bodies must have had longer period 
settled residence which develop local minor differences. 
the whole the second possibility appeals more strongly mind 
than the first possible explanation conditions the Algonkian 
northeast. this case simplicity social, religious and ceremonial 
organization, limited nomadism, hunting and fishing, agriculture, 
and crude technology, are together the ear-marks relatively 
unaffected older Algonkian culture. the neighboring Es- 
kimo region somewhat similar situation prevails, shown 
Boas one his comparative studies. The central Eskimo are 
more primitive, more isolated and simpler culture than those 
Alaska, whose advancement social ceremonial and industrial com- 
plexity presumably due contact with the organized culture the 
northwest coast tribes. The assumption, moreover, that progressive 
growth from the simple the complex more natural and normal 
than retrogression, making proper allowances, sure, for histori- 
cal fluctuations culture, logically requires less proof than the 
opposite. 

Some general tendencies development concerning the family 
band are made possible the material far accumulated, incom- 
plete is. the first place note considerable variation the 
size the hunting tracts different tribes. Their magnitude, 
appears, bears some relation the density population. This 
illustrated comparison the Montagnais-Naskapi groups the 
Labrador peninsula, whose districts are proportionately larger, whose 
families are fewer number, the more proceed toward the north- 
ern interior. may still construct upon the data somewhat further. 
The more northerly people, the Labrador area, have fewer eco- 
nomic resources. Agriculture denied them, the game animals are 
fewer. The Virginia deer does not range into the Labrador penin- 
sula, nor does the moose extend eastward beyond the Saguenay 
far existing conditions go. The raccoon also wanting. Hence 
the caribou, who are wandering habit, and who suffer 
diminution times, afford uncertain supplies the natives, viewing 
their life periods decades, while, during the winter, bears are 
unobtainable and beaver and muskrat are taken only through extreme 
effort. These creatures are their staples life. Serious economic 
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handicaps are suffered! Such circumstances must thoroughly 
valued the ethnologist. Adherence one the recognized prin- 
ciples method would lead infer that the tribal groups com- 
prising fewer persons, forming groups who are hunting within more 
extensive bounds, would stand forth representing pioneers, 
speak, the expanding frontier migration. comparison 
these circumstances among different neighboring groups proceed- 
ing one direction another, the direction the population drift 
would seem away from the more habitable regions where the 
human population denser, where economic facilities are better, and 
where the family privately owned land hunting-areas would hence- 
forth smaller extent. The application such hypothesis fits 
the circumstances the European colonization America quite 
generally, and only remains for some equally reliable historical facts 
adduced the case the supposed Algonkian migration 
render creditable the other. Thanks the Jesuits have 
some few historical landmarks eastward Indian drift toward 
the northeast. 

have already briefly worked out this test from several other 
parts the northeast and reported the method and inference 
papers concerning the migration eastward the Micmac the mari- 
time provinces and the Montagnais-Naskapi the Labrador penin- 
sula. Now, having determined the probable social-economic char- 
acteristics migrational termini, may position apply 
the criteria other regions tracing tribal movements the 
continent. 

OUTLINES AND CONJECTURES. 


Practically all the fundamental culture traits, those which turn 
out common all most the Algonkian-speaking groups, 
seem northern adaptation. Among them may mentioned 
the sibless type society, weak chieftaincy power, drum-shamanism, 
tailored clothing, floral ornamentation, the conical and the dome- 
shaped skin and bark lodge, the loose-headed plain harpoon, the com- 
posite canoe, limited hunting nomadism within the family territories, 
the fondness for residence near water, and then the many negative 
ceremonial and social characteristics. where their present en- 
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vironment not northern type, there are indications, among 
the eastern central Algonkian for instance, surviving northern 
culture features ostensibly persisting despite changes brought about 
migration the acquisition ideas introduced through dif- 
fusion. From this one might infer northern habitat for the 
Algonkian peoples, or, contrast, more northern and colder 
climate have surrounded the early groups when they evolved their 
fundamental culture; climate that has changed into warmer era 
since its occupation. have seen indications this culture change 
accompanied faunal variation within period embracing not much 
more than century Maine among the Penobscot, and here the 
influences beneath are both environmental and contactual (from the 
Yet matter what the factors may shown be, our 
Algonkian culture retrospects most areas seem more and 
more northern the stages are unrolled backward. 

certain inference, that the northeastern Algonkian groups, both 
north and immediately south the St. Lawrence, have two phases 
culture type characteristic very old North American period 
—one which fundamentally northern complexion the Es- 
kimo, but which contrasts being adapted interior winter and 
coastal summer habitat. Yet should not overlooked that the 
Algonkian farther south the Atlantic seacoast show decided 
preference for the proximity water and hold low altitudinal 
habitat, Wissler has previously pointed out, where fishing may 
carried on. This does not necessarily disturb the assumption 


earlier more northern habitat for the great family, because exhibits 


continuation the normal summer life the northern peoples into 
warmer zone where the coasts are not rendered untenable man 
though the ferocity winter storms and the piling ice and 
the emigration the fish. think this point view will become 
clear upon contemplation. 

significant feature, which seems deserve attention dis- 
cussion this character, that the far north the dual culture 
type marked—a coast-wise one represented the Eskimo and 
the littoral groups northeastern Asia, and interior one repre- 
sented the Athapascan and Algonkian peoples America and 
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again some tribes the Siberian east coast. Everywhere, sur- 
veying Indian culture the far north, encounter the adaptation 
interior winter conditions, the dependence upon large game ani- 
mals, the hunting snowshoes, the game-drive, trapping for fur 
clothing, fishing with spear, and possibly with nets, portable shelter 
beneath skin bark, the necessity for complete body-clothing, the 
dependence upon wood fires for heat and cooking, the necessity for 
adequate means transportation summer and winter—the bark 
canoe (the skin-canoe places), toboggan, snowshoe, and dog-trans- 
portation. The mobilities non-agricultural population! The 
simple family group, the absence political cohesion, the funda- 
mentality the family hunting-district, the weakness the power 
chiefs, and the unfeasibility large and prolonged religious fes- 
tivities, together with the corresponding development individ- 
ualism, all seem mark the peoples northern Asia and America 
apart from other groups south them with clearness which entitles 
them justly rank, feel certain, one the typical world-mar- 
ginal culture types emphasized recently anthropologists. 

The dual culture form has been signally emphasized both Hatt 
and Birket-Smith for the northern peoples the Old well the 
New World. seems weld another link the chain unity 
embracing the circumpolar peoples. The latter author applies this pat- 
tern the Algonkian, calling the two phases the ice-hunting and the 
snowshoe stages. Hatt denotes his phases the coast civiliza- 
tion and the inland civilization. have previously mentioned the 
curious fact that the Indians Labrador themselves—poor ignorant 
savages—have conceived the same interior and coast distinctions 
their thought upon their own life; old thought them but new 
one us! all agree its essentials! 

The all-important question the earliest assignable homes the 
Algonkian nucleus one which might naturally thought this 
time. But much yet done identifying and analyzing the 
influences which have affected the supposed marginal areas the 
family before can hope arrive any estimate the original 
base content. will probably develop that the region below Hudson 
Bay will become the type locality. not this, then the lower St. 
Lawrence region. Sapir, and also Lowie have already thought 
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home for the stock considerably west its present geographical 
center, through allowance the western location the Arapaho and 
Blackfoot. opinion favoring region west Hudson Bay 
early Algonkian distribution has been published Birket- 
Smith, find through the attention Dr. Hallowell, 1918. His 
excellent theoretical paper this puzzling question was based 
study older documents only. Without, however, having deduced 
satisfactory method evaluating the present distribution dialect 
and physical type and above all not having solved the riddle archz- 
ology the east, nor even explored the surface conditions wide 
areas the northern habitat the stock, would hardly venture 
express fixed opinion. There much make the St. Lawrence 
watershed worthy serious consideration region very early 
occupation view the awaited archzological disclosures, the 
simplicity and uniformity the ethnic types there, and the con- 
formity the region with the environmental requirements post- 
glacial culture. the western location the Arapaho and Black- 
foot would draw the older center westward what can thought 
the archaic stone age properties the eastern coast Beothuk, the 
Red Paint and the north Atlantic shell-heap cultures? as- 
sume migration into the eastern area, there some reason do, 
must pushed back very early period, one which would pro- 
vide subarctic, interior setting for the early cultural home the 
family—one possibly adjacent the wherever hap- 
pens fixed. period antedating the acquisition the north 
any southern culture traits would seem demanded. 
there ever any stronger reason than that which exists present 
for assigning any North American culture type early neolithic 
prepared see accomplished for this area. 

The anthropological properties the northeast have under- 
stood consisting three elements, race, language and culture. 
Inasmuch there relatively little material available covering 
the physical characteristics the whole region, can hardly 
more yet than point out the resemblance head form between the 
Labrador Algonkian and the Athapascan, and the differentiation here 
from the longer head-form south the St. Lawrence. The central 
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divisions the Algonkian-speaking population, meso-cephalic like 
those the Hudson Bay and Labrador area, show that this cranial 
type the more widespread, hence probably more recent origin 
whether approach the question skull-form criterion, after 
the manner Dixon whether consider mutability form 
possible within the group, following Boas. change head-form 
the region evident comparison the older with more recent 
material, the older population being longer-headed than the present 
inhabitants who speak Algonkian. the Wabanaki territories 
that encounter, both among the older and among the existing 
groups together, the longer head. The Wabanaki group marginal 
the stock and isolated position. So, whatever may say 
respecting the other points language and culture, the Wabanaki 
division entitled serious consideration physical representa- 
tive some old era the historical development the stock. 
need not yet attempt solve the ensuing problem, whether 
the broader-headed race acquired Algonkian culture and language 
the process invasion that internal physical change. 
There little show that the term Algonkian can applied 
race with any fixed value, for the matter head-form alone the 
variations are enough show that the Algonkian averages extend 
over into other culture groups and linguistic stocks. Yet one might 
imagine for the present that the terminal and marginal long-headed 
Wabanaki, apparently the only Algonkian group showing this head 
form, have preserved more than the others old combined racial and 
cultural type. would require, believe, certain lack 
imagination rely solely upon the thought that the advent single 
Algonkian tribe, speaking one tongue and homogeneous culture, 
took place eastern North America, Skinner thought. Such 
vision seems almost crude the older views the so-called Aryan 
race and language group. can see urgent reason yet for ad- 
hering dogma unity original speech, race and culture for 
populations widely spread and diverse. Algonkian culture 
can found Labrador, another one the Wabanaki area, another 
one the Great Lakes region, each having certain claims consid- 
eration archaic one. The same true physique and when 
come include the evidence language not find that the 
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most archaic type speech adheres any one these classified 
types. 

not easy think through clearly conclusion the face 
many serious gaps our existing knowledge physical and lin- 
guistic variations within the Algonkian group. Final treatment the 
whole question, therefore, will have deferred despite the eager- 
ness some ethnologists predict conclusions. Let become clear 
that cannot logically speak any more the Algonkian inte- 
gral unit, referring language, race and culture. are indeed get- 
ting farther away from the unity concept the more our knowledge ex- 
pands. Within the Algonkian language group know there are 
several physical types, and some variant culture types along its mar- 
gins. have hesitate our efforts draw conclusions the 
presence, for instance, the apparent fact that Algonkian languages 
have invaded the plains without effecting culture modifications toward 
Algonkian pattern, and similarly again the southeast. Likewise, 
contrast, other linguistic units have invaded Algonkian linguistic 
boundaries without changing their speech, and yet have come 
harmonize their culture qualities with those the region, for exam- 
ple the Siouan Winnebago, shown Morgan, Radin, Wissler, 
Lowie, Speir, and Skinner, and, may not add, physical and 
economic aspects, certain the Iroquois (Mohawk). radical 
the assumption may seem just now, even possible attribute 
certain Algonkian-Iroquoian similarities head-form, stature, 
bone work, even ceramics, dress and decorative art motives, 
the use bark, even some aspects social life, the absorption 
older stratum northeastern culture, call Algonkian need 
be, the part invading Iroquoian-speaking populations. have 
evidence, have again undertaken show recent paper, 
acculteration Algonkian principles social organization among 
the Oka Iroquois, who invaded the Algonkian the Ottawa valley 
very recent times. such assumption can least con- 
ceive grounds for admitting the evidence produced, for instance, 
Skinner centrifugal migration the older Algonkian into the 
Great Lakes region Wisconsin fairly recent times, under the im- 
pact Iroquoian invasion, and, would add, for another similar 
eastward shift, into southern New England, partly Iroquo- 
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ianized Algonkian-speaking group. would not denied, be- 
lieve, that there has taken place Iroquoian history, modification 
along certain economic lines toward northern type this 
case Algonkian one, since there other fit. 


Now, pause consider where, then, the nearest approach 
unity the three basic requirements ;—old physique cranial 


form), nomadic, cold-fauna, hunting culture and Algonkian language 
may found, the way points itself out the region south the 
St. Lawrence from northern New England east the Atlantic 
and Newfoundland. this area have general modern well 
early dolichocephalic population, according the compilations 
Boas, and Dixon. have, moreover, the indications unelab- 
orate interior hunting culture brought light through the investiga- 
tions Willoughby and Moorehead. Wealso have the Newfound- 
land area another archaic culture level the Beothuk type. re- 
spect the ethnology the modern peoples, the Wabanaki, this 
area, have old form. Linguistically the Waban- 
aki tribes form unit the broader sense, which has primitive charac- 
teristics, somewhat specialized phonetics and morphology, but ac- 
cording Michzlson, not pure form, the regions occupied 
the central Algonkian-speaking group. short, lift off 
the top layer Iroquoian culture influence (in agriculture, political 
organization, chieftaincy, social ceremonies, and certain influences 
mythology) dating only back the seventeenth century, from the 
Wabanaki area get stratum which the requirements approach 
unity degree which would permit use the term 
gonkian referring it. have adopted this term consideration 
similar usage for industrial levels the Old World general 
and through the sanction usage Steensby reference the 
Eskimo problem. North the St. Lawrence generally similar 
culture level found with somewhat more Arctic complexion, and 
specialized linguistic developments appear, which are not shared 
the also specialized types south the St. Lawrence. these respects 
the Montagnais-Naskapi the Labrador region may, think, 
included within the horizon, but are obliged 
recognize the intrusion another cranial form into this zone, 
the meso- and meso-brachycephalic type. what extent these 
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phenomena appear, either clinging together separated, pro- 
ceed westward below and beyond the Hudson Bay region, im- 
possible say. And until investigation has covered these points 
will impossible locate the termini any more definitely. 
shall then know what extent the archaic culture level may have been 
spread from the Atlantic the Great Lakes and beyond, and into 
the semiarctic zone, and determine where and what degree its 
margins were indented culture invasions the south and the 
northwest, and finally form some idea the culture character 
resulting from the absorption the old level penetrating streams 
from the more southern portions the continent, illustrated, for 
instance, suggested explanation the Iroquoian situation. 
And finally may undertake construct picture, duly realiz- 
ing that course present nothing can said difinitely that may 
not modified and corrected. First, not greatly differentiated 
northern, hunting population, long-headed contrast with the later 
inhabitants,—ancestors the Eskimo and Algonkian one could say— 
existed the interior west Hudson Bay the steppes and thinly 
forested regions. early pressure invasion from Asia tends 
push these groups eastward, one branch them advancing the 
Arctic coast and developing form time the Eskimo type, race 
and culture, the other adhering the interior environment and mov- 
ing eastward the familiar setting working south the St. Law- 
rence become founders old culture there. These latter 
carried the lower cephalic index the region northern New Eng- 
land and the Maritime Provinces. Dixon has several instances 
previously expressed his opinion scheme migration bringing 
Algonkians several waves the east. The preference for the 
south St. Lawrence route might answered for the unfavorable 
hunting prospects the Labrador region the time the migration, 
due the recency its clearance from conditions. greater 
antiquity for the human occupation the Atlantic coast Maine 
than for the gulf coast Labrador shown the much greater 
depth the layers shell-deposits Maine. And besides the 
archaic, so-called Red Paint, culture the interior Maine has 
considered chronology. The botanical affinities Newfound- 
land with the coastal fringe the northern part the continent 
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south New England are impressing American observers more and 
more. Such view affects our problem strengthening the idea 
early human occupation over the same south St. Lawrentian area 
more favorable early distributional zone, while the route 
life-diffusion the Labrador side was blocked unfavorable 
after-conditions the pleistocene. Next, the broader-headed Indian 
population all the way across the subarctic zone may tentatively 
explained arrival the whole expanse country from the 
westward, filling, may imagine, the either unpopulated sparsely 
populated Labrador regions. This entered, are still indulging 
guesses, carrying subarctic phase life eastward, one somewhat 
parallel that which entered much earlier and became domiciled 
south the St. Lawrence the longer-headed type. word cau- 
tion must said before can speak too definitely head-form 
among the Eskimo and Indians showing distinct contrasts. The 
northern Indian least appears have been broader-headed 
type, contrast with that south the St. Lawrence, according the 
published records Boas, Dixon and Wissler and the recent meas- 
urements Hallowell, and the same true reference its con- 
trast with the eastern Eskimo. Recent Eskimo lists published 
Jenness, however, both cranial material and the living, show the 
living populations have higher index, thus lessening the contrast 
and creating feeling that with fuller series measurements from 
both groups another attitude could taken the matter Indian 
and Eskimo classification. the present awaiting challenge, 
stands, stated Dixon, that there has been brachycephalization 
the north, the brachycephals relentlessly supplanting the doli- 
chocephals who were driven the marginal area. 


PROGRESS THE STUDY RACE MIXTURES WITH 
SPECIAL REFERENCE WORK CARRIED 
HARVARD UNIVERSITY. 


EARNEST HOOTON, B.A., M.A., Ph.D., B.Litt. 


(Read 24, 1926.) 


The study race mixtures perhaps the most important field 
research Physical Anthropology to-day. The term 
applied man has recently been defined the writer follows: 

race great division mankind, the members which, though individu- 
ally varying, are characterized group certain combination morpho- 


logical and metrical features, principally non-adaptive, which have been derived 
from their common descent. 


primary race one which has been modified only the operation evolu- 
tionary factors, including the selection its own intrinsic variations and the 


modifications, adaptive non-adaptive, possibly caused environmental 


secondary composite race one which characteristic and stabilized 
combination morphological and metrical features has been effected long- 
continued intermixture two more primary races within area relative 


isolation. 

Obviously the present population the world consists, for the 
most part, secondary derived races. Man migratory and 
promiscuous animal, and primary race, as-defined above, well- 
nigh anthropological abstraction. The existing races man, 
however, may grouped according their mutual physical affini- 
ties the following four classes: Whites (often regrettably 
called ‘‘Caucasians’’), (6) Negroids, (c) Mongoloids, (d) Intermedi- 
ates. Each these classes includes least three races. The 
White group comprises the Alpine, Armenoid, Mediterranean and 
Nordic races, and possibly others. The Mongoloid class consists 
the Mongoloids proper, the Indo-Malayans, the American Indians. 
The Negroids include the African Negroes, the Melanesian-Papuans, 
and the Negritoes. The residual Intermediate class made 
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three more less allied races—the Ainos, the Dravidians and the 
Australians, and the Bushmen-Hottentots and Polynesians who 
are somewhat removed from the preceding subgroup and from each 
other. The principal characteristic the Intermediate class that 
its constituent races are case predominantly White, Negroid, 
Mongoloid, but each exhibits distinct resemblances two 
more the preceding classes association with features, some 
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cases, peculiar Most the races this group are probably 
the stabilized result radical hybridizations, but the Australians 
and the Aino may represent the surviving elements ancient and 
some respects generalized races. Fig. attempt show the 
approximate relationships modern races classified the basis 
combinations hair-form, cranial index, nasal index, pigmentation 
and stature. This diagram was drawn for class-room use and 
does not represent scientific contribution. The plotting char- 
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acters based upon modal mean values which some cases rest 
upon inference rather than upon observation. The figure intro- 
duced here illustrate the manner which one racial complex 
physical criteria shades into another, and particularly show the 
positions those racial groups which have been called 

apparent from the study Fig. from the examination 
any scheme classification modern races that racial mixtures 
are two categories: (a) radical mixtures between races physically 
far removed from each other, and (6) mixtures between races. 
Mixtures within the White races within the Negroid races, for 
example, involve matings types physically more similar than 
the case crossings between Negroid and White races. Because 
the absence obvious dissimilarities the physical traits the in- 
termingling stocks, race mixtures between allied races have occurred 
from prehistoric times down the present day without inciting, 
for the most part, either social prejudice anthropological in- 
vestigation. The offspring such matings not form physical 
types sufficiently distinct set them apart class. Such off- 
spring tend absorbed into one other the parental stocks. 
The inheritance physical characteristics such crosses never- 
theless great interest and probable that hybrid vigor may 
manifest itself physically, mentally and culturally the more 
favored offspring such matings. Unfortunately, however, the 
habit miscegenation between allied races such long standing 
that has resulted obscuring the original physical combinations 
the parent races the establishment countless mixed types 
representing various degrees admixture the parent stocks and 
manifesting series almost imperceptible gradations between one 
racial combination and another. The ultimate effect has been 
obliteration the distinguishing allied races which 
makes almost impossible ascertain what the original combina- 
tions were. even more difficult find considerable groups 
people who are unmixed with allied races and conform our defini- 
tion primary racial types. doubtful whether many such 
representatives primary races exist the present time. 
therefore seems that longer possible study the effect the 
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intermixtures closely allied races with any hope clear-cut 
scientific results. 

the other hand radical race mixtures involve the interbreed- 
ing parental stocks with strikingly dissimilar physical features. 
The offspring often constitute types obviously different from either 
the parental races, although sharing some the features 
each. Such crosses attract attention and arouse social prejudice. 
They even raise the question the biological efficiency the 
resulting hybrid types, which are sometimes said 
Radically different races rule have produced dissimilar 
cultures and diverse social traditions. Many infer from the associa- 
tion physical and cultural differences between races the existence 
equally diverse racial mental qualities, although these have never 
been demonstrated any scientific way. any rate, the hybrid 
resulting from the intermixture radically different racial stocks 
likely regarded physical and social anomaly—a sort 
anthropological bastard, except the event these crossings 
having taken place area isolation and between such great 
numbers eventually establish secondary composite race. 

Radical race mixtures have long been viewed with 
statesmen, sociologists and anthropologists. Many those who 
have been disturbed the social consequences such crossings 
have consoled themselves with pious hope that human hybrids 
would prove like mules, ‘‘ornery but That this hope 
illusory has been amply demonstrated wherever radical crossings 
occur sufficient numbers receive even the inadequate attention 
the census-taker. now becoming apparent the public 
large that the investigation the consequences radical race 
mixtures has more than purely academic interest. obvious 
that data scientific worth should secured enable answer 
the following questions: 

How radical hybrids compare with their respective parent 
stocks fertility and vitality? What the rate increase each 
case? 

How radical hybrids compare with their respective parent 
stocks regard mental characteristics? 

What the status such hybrids with respect social 
efficiency and economic and political stability 
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such hybrids when produced large numbers tend 
form buffer class assimilated one other the parent 
stocks, and either case what are the sociological and biological 
consequences? 

How are physical and mental characters inherited such 
hybridizations? 

These questions cannot answered satisfactorily the basis 
any existing data. ‘lo awaken interest and secure support for 
the necessary investigations has been slow and difficult process. 
Some few still small scientific voices have been crying the aca- 
demic wilderness for many years; and latterly not few journalists 
have been bellowing the market-places. The former have effected 
the accomplishment number small but valuable researches 
upon the results race mixture, and the latter have made possible 
the public support which essential for further and more conclusive 
investigations. 

The principal object this paper report progress upon 
number investigations race-mixtures which have been carried 
through the influence the Division Anthropology 
Harvard University. Most these researches have grown out 
race-mixture which was first offered the writer Harvard 
University 1916. The data most these investigations have 
not been collected the writer personally, who confesses himself 
one that drab female type anthropologist which remains 
home and reproduces the species while the more brilliant male 
roves abroad quest both adventure and food brought 
back for home consumption. 


INVESTIGATIONS COMPLETED. 


Study Pure and Mixed. the course two 
visits the Hawaiian Islands during the years 1916 and 1920, 
colleague, Professor Tozzer, collected anthropometric and 
sociological data 508 subjects, including pure-blood Hawaiians 
and various admixtures the Hawaiians with Chinese, Japanese 
and variety European racial stocks. The anthropometric data 
have been analyzed Dr. Dunn, who has already published 
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preliminary report portion the material and will shortly 
publish his results full. matter common knowledge 
that the native Polynesians these islands are mixing with alien 
stocks rapidly that full-blooded Hawaiians will soon cease 
exist. The complexity the racial crosses already quite be- 
wildering. Dr. Tozzer was able secure measurements large 
number hybrids and upon considerable number back- 
crosses, but upon few offspring only, and these, for the most 
part, immature individuals. Dr. Dunn has emphasized his study 
the respectable series full-blooded Hawaiians and the considerable 
number Hawaiian-Chinese mixtures. The pure Hawaiians are 
tall, heavy people with prevailingly wavy hair and pronounced 
brachycephaly. The Southern Chinese with whom they have mixed 
are considerably shorter, with straight hair and tendency toward 
dolichocephaly. The resulting hybrids are intermediate stature 
and there clear dominance brachycephaly and straight hair. 
the first generation hybrids resulting from crosses with Europeans, 
the darker pigmentation the Polynesian stock appears 
dominant and there hybrid vigor displayed stature. The 
corpulence the pure Hawaiians disappears and the more finely-cut 
European features tend assert themselves. The few indi- 
viduals studied seem indicate some tendencies toward segregation 
characters, but there not sufficient evidence available settle 
this question. The present writer does not wish forestall the 
important results the investigation Doctors Tozzer and Dunn. 
These results include some extremely interesting information upon 
the inheritance bodily characters and upon the fertility and vi- 
tality and social status the hybrids. 

much more extensive study race mixture Hawaiians was 
undertaken the late Dr. Louis Sullivan the American 
Museum Natural History collaboration with the Bishop 
Museum Honolulu. This study includes observations upon 
several thousand individuals. Dr. Sullivan’s premature death 
prevented the completion his analysis the data, but, fortunately, 
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this work now being carried out its conclusion Dr. Clark 

The publication these two studies race mixture Hawaii 
will make availabie science mass material miscegenation 
between Polynesians and White and Mongoloid racial stocks. 
Both these investigations indicate high fertility the mixed 
marriages studied. 

Pitcairn Islanders and Norfolk 1789 the crew 
the British warship Bounty mutinied, and soon afterwards colony 
was established Pitcairn Island the South Pacific the 
mutineers and number Polynesians whom they had brought 
with them the island. The romantic story the mutiny and 
the bloody events which transpired after the foundation the 
colony well known. From the intermixture about six English 
sailors and approximately the same number Tahitian women 
there arose hybrid progeny which has inbred for about five genera- 
tions. The larger number these people now reside Norfolk 
Island whither the colony was removed after Pitcairn became too 
small for its maintenance. There are about 400 persons the 
colony Norfolk Island and about 175 members the group which 
returned from Norfolk Pitcairn. These Polynesian-European 
hybrids constitute almost ideal sample for the study race 
mixture, since their European antecedents are fairly well known 
and they have been isolated that little back-crossing has occurred. 
They represent the intensively inbred progeny primary crossings. 

1923 Harry Shapiro, one the most able the graduate 
students Anthropology then Harvard, set out study this 
racially mixed group. This research was aided fellowship 
granted Mr. Shapiro the Bishop Museum Honolulu, and the 
results the investigation are now process publication that 
institution. Mr. Shapiro’s ship was prevented from calling 
Pitcairn bad weather, but proceeded Norfolk Island and 
remained there for about four months. this time secured 
anthropometric data about 150 adult descendants the muti- 
neers, addition full genealogical information and some ex- 
tremely important historical and sociological material. During his 
stay Norfolk Island Mr. Shapiro gained the confidence and affec- 
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tion these sensitive and reserved people such extent that 
upon his leaving they presented him parting gift Tahitian 
poi-pounder, the property originally one the Polynesian ances- 
tresses the group and said the only native artifact which has 
been preserved from the wreck the Bounty. 

The analysis the data collected Mr. Shapiro provides 
support for the statements that have been made with respect the 
alleged physical and mental deterioration these inbred hybrids. 
the contrary they manifest hybrid vigor certain characters. 
They exceed both the parent stocks stature and their head 
diameters are among the largest means recorded for living peoples. 
Contrary what seems the case Hawaiian-European and 
Hawaiian-Chinese hybrids, the Norfolk Islanders show tendency 
toward dolichocephaly. The features these people 
dominantly European, although characteristically hybrid nose 
was often observed. The hair usually very dark and the skin 
color intermediate between that brunet Europeans and that 
the brown Polynesians. There much individual variability and, 
curiously enough, more curly hair found among these Norfolk 
Islanders than among either British Tahitians. 

Anthropologists may expect from the publication Dr. 
studies the Norfolk Islanders material not inferior interest and 
importance Professor Eugen Fischer’s classic work the 
Hottentot-Boer hybrids. 

Studies Skeletal the past ten years the research 
efforts the writer have been directed principally toward the 
solution the problem distinguishing racially pure and mixed 
types the analysis skeletal material origin. 
The absence genealogical data and the paucity historical data 
render this task very difficult. Two principal investigations have 
been undertaken. The first, analysis the racial elements 
among the extinct peoples the Canary Islands, was based upon 
study some 450 crania. The results this investigation have 
already been They are interest from methodolo- 
gical standpoint and particularly from the light shed upon the 
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affinities the so-called which supposed 
have been represented the Canarian archipelago. 

The second investigation involves the study the skeletal 
remains from more than 1,800 burials excavated the ruined Indian 
pueblo Pecos, New Mexico, the Andover Pecos Expedition. 
Most these skeletons are dated according stratigraphic se- 
quence. The problem this case study the changes the 
population which have taken place the course the two thousand 
more years the pueblo’s occupation and distinguish the 
various subtypes which are represented this sample the Amer- 
ican race. perhaps effort single out the component types 
composite race, rather than study race-mixture. This 
work has been carried out with the assistance number grad- 
uate students and almost finished. results will published 
Phillips Andover Academy. 


INVESTIGATIONS NOW 


Study Mulatto knowledge the results 


crosses between Negroes and Whites the United States deplor- 
ably small. the present time adequate anthropological 
study the American Negro has been published. Dr. Melville 
Herskovits Columbia University has recently carried out extens- 
ive anthropometric researches upon Negroes and mulattoes Har- 
lem, New York City, and upon the students Howard University, 
Washington, Dr. Herskovits has already published some 
preliminary results great value and his completed contribution 
the knowledge this subject eagerly awaited anthropolo- 
gists conversant with the methods employing. 

1917 Caroline Bond (now Mrs. Day), student 
College, began collect for the present writer anthropometric, 
genealogical and photographic data pertaining mulatto families. 
Mrs. Day unusually qualified for this task since she herself has 
Negro and Indian blood and comes family which has long been 
associated with the higher education the Negro. Consequently, 
she has very extensive acquaintance among the educated and 
well-to-do colored people the United States. The present writer 
considers the genealogical data already collected Mrs. Day quite 
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unique and invaluable. They include some instances photographs 
copies portraits members belonging five generations 
family, together with information the proportion Negro, 
White, and Indian blood each individual. Hair samples living 
individuals and anthropometric measurements are also included. 
Unfortunately, after Mrs. Day left Radcliffe College the work had 
stopped, owing lack funds. the beginning the present 
year the Bureau International Research Harvard University 
and Radcliffe College, established the Laura Spellman Rocke- 
feller Memorial Fund, undertook finance studies the anthropo- 
logical and sociological effects race mixture under the direction 
the writer and his colleague, Professor Tozzer. This 
assistance has made possible for Mrs. Day devote full time 
the gathering data during the present year. The work proceed- 
ing apace, but the analysis material will not begin for year 
more. 

has long been the opinion the writer that reliable data 
Negro-White crosses this country can best secured the 
utilization competent colored investigators. has obtained 
from Mes. Bond and from other colored students much new informa- 
tion concerning the inheritance physical characters such mix- 
tures, all which, however, requires confirmation from mass studies 
before can presented final. 

Studies Finns, Lapps, and Crosses between Finns, Lapps and 
Swedes.—At the beginning last summer Martin Luther, graduate 
student Anthropology Harvard, began investigation the 
colony Finns living Lanesville and Rockport, Massachusetts. 
Mr. Luther was particularly interested the occurrence and causa- 
tion certain flattening the posterior portions the parietals, 
which found these peoples and also Armenoids and some 
other stocks. This suspect effect race mixture. 
addition regular anthropometric data, Mr. Luther has secured 
elaborate series cranial contours, facial casts, blood samples and 
tests manual dexterity from series 160 adults and more than 
children and adolescents these localities. has neglected 
sociological data which bear upon the problem assimilating these 
immigrants. seemed advantageous during the present summer 
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for Mr. Luther extend his material, and for this purpose was 
sent Finland and Lappland under the auspices the Bureau 
International Research. Finland Mr. Luther receiving the 
heartiest the part anthropologists and government 
officials, and present writing has secured anthropometric data 
and sociological information 130 adult Finns and 104 adult Lapps. 
Before his return the fall will have gathered much more ample 
material. planned continue the collection observations 
pertaining these peoples until the end the present year and 
begin the analysis data that time. 

Study Berbers, Arabs, and Mixed Types Morocco.—Little 
known the anthropometric characters the Berbers and Arabs 
Morocco. Apparently anthropologist has studied the physical 
features even the sedentary town dwellers within the compara- 
tively quiet zone the Sultan’s influence. The physical anthro- 
pology the independent tribes practically unknown. The Rif 
Berbers, who have put such magnificent struggle for independ- 
ence against overwhelming odds, are known include very large 
blond element which said indistinguishable most respects 
from the racial type commonly called Blonds have 
existed Northwest Africa from prehistoric times. the 
area where this type occurs most that the most democratic 
tribal and village organization found. also the love 
individual and group independence associated with personal 
pugnacity and collective belligerency. Race mixtures here include 
crosses between most the White races and also various Negroid 
types. The possible relation such mixtures peoples the 
political turbulence which commonly prevails this area worthy 
investigation. 

Carleton Coon, graduate student Anthropology Har- 
vard University, has been sent Morocco under the auspices the 
Bureau International Research spend year investigating 
the anthropometric and sociological characters the pure and 
mixed racial types. Mr. Coon well qualified for this work, having 
made two previous trips Morocco for and anthro- 
pological purposes, and possessing knowledge Arabic. the 
course these earlier expeditions was able make some valuable 
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reconnaissances and establish relations with natives 
and with French officials which should facilitate his present work. 
Mr. Coon has been Morocco less than two months present 
writing, and has already succeeded obtaining complete measure- 
ments and photographs about 114 Rif Berbers. data were 
gathered Tangier. Latest information the effect that Mr. 
Coon has been obliged relinquish his plans for work the Spanish 
zone Morocco, owing the marked discourtesy and even violence 
shown him the Spanish authorities that area. 

hoped that this year field work Morocco will result 
the collection representative series and tabulated sociological data 
pertaining each great Berber groups Morocco; namely, the 
Rifi, the Shluh, the Breber, and the Arabs. 

independent but related research Algeria and Tunisia 
being carried Homer Kidder, former student Anthropo- 
logy Harvard and one the founders the American Folk-Lore 
Society. Mr. Kidder has obtained measurements more than 
300 Tunisian Jews and now extending his studies the Kabyles 
Algeria. 

INVESTIGATIONS PROSPECT. 

Study Mixed und Pure Types Mexico and Central America.— 
The plans for the study race mixture under the auspices the 
Bureau International Research include investigation mixed 
and pure racial types Mexico and Central America. this area 
the crosses between Indians, Whites, and Negroes are great in- 
terest their relation the cultural status the various elements 
the population and the notorious political unrest which prevails 
there. proposed send Dr. George Williams, graduate 
student Physical Anthropology Harvard University, collect 
data pertaining these peoples. Dr. Williams expects begin 
work next February and remain the field for the better part 
will pay particular attention the pathology races 
and mixed types this area. 

Study Peoples Egypt and the Sudan.—Another graduate 
student Anthropology, Walter Cline, has just been sent 
Egypt for year field work under the auspices the Harvard 
African Studies and the Peabody Museum. Mr. Cline’s primary 
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object study the palzolithic deposits the Nile Valley and 
the adjacent desert areas, but also hopes gather anthropo- 
metric and ethnological data pertaining some the tribes the 
Eastern and Libyan deserts, with particular reference crossings 
with Arab strains. 


CONCLUDING REMARKS. 


This paper has been devoted principally accounts the studies 
races and race mixtures carried students members the 
Division Anthropology Harvard University. But also in- 
cludes mention number related investigations which are being 
carried other anthropologists. does not aim exhaus- 
tive this respect. 

There are two very encouraging aspects the situation re- 
gard racial studies. The first the interest such projects 
exhibited great research foundations. From these foundations 
has come the financial support hitherto unobtainable. Until this 
year studies race mixture Harvard University have been 
carried almost entirely the expense the investigators them- 
selves, with the help occasional travelling fellowship. Now, 
with the aid the Bureau International Research, has become 
possible undertake more ambitious projects which should yield 
better results. But even this generous assistance has been in- 
sufficient for the paying salaries field workers. Those 
present engaged the gathering data are receiving maintenance 
and travelling expenses only. This fact introduces the second 
encouraging aspect the situation, which the availability 
trained and competent young investigators. 

few years ago there was almost complete lack able 
students who were willing and equipped undertake the arduous 
and ill-paid work the physical anthropologist. Now fair 
number very promising young men and women are intent upon 
entering this profession. Our present needs are: continued and 
larger support for research upon racial problems, increase the 
number permanent posts available for physical anthropologists 
research institutions, and more chairs for the teaching both 
Physical Anthropology and other branches Anthropology our 
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universities. these needs are satisfied the present writer willing 
predict that can produce this country body physical 
anthropologists, and ethnologists who decade will 
make greater progress the solution problems pertaining the 
natural history and cultural history man than their few hampered 
predecessors have been able accomplish the last half-century. 


HARVARD UNIVERSITY. 


EQUIANGULAR SPIRAL POLYGONS PRESENTING 
THEMSELVES ELECTRICAL ENGINEERING. 


KENNELLY. 
(Read April 23, 1920.) 


DEFINITION. 

The ordinary polygon may defined, for present purposes, 
geometrical plane figure whose successive sides make equal 
angles with each other and have equal lengths, lengths 
constant ratio unity. The equiangular spiral polygon, here 
considered, may then defined geometrical plane figure 
whose successive sides make equal angles with each other, and have 
lengths constant ratio, general different from unity. 


Fic. spiral polygon, with origin and pole 


Thus Fig. starting from the origin the 
successive sides OA, AB, BC, etc., are straight lines the plane 
XOY. They make with each other equal angles OAB, ABC, BCD, 
etc.—in this case 120°—and the ratio the lengths successive 
pairs sides 
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where numerical constant, ordinarily greater than unity— 
this case 1.493. The extension this geometrical sequence 
terminates, after infinite number steps, the final position 
pole the equiangular spiral polygon. 

There exist infinite number possible equiangular spiral 
polygons, both regard variations contained constant angle, 
and variations constant ratio 

may taken for granted that the essential geometrical 
properties equiangular spiral polygons are known mathe- 
maticians. Thus, the ratios polar distances the successive 
vertices such polygon, also constant and equal For 
Fig. 


Consequently, the successive plane triangles, OAP, ABP, BCP, 
CDP, etc., are all similar, and the ratio such successive areas 


' 
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Fic. Spiral polygon vector ratio with origin and reference axis 
AX, with geometrical method for determining the position the pole 


Moreover, the envelope all the vertices equiangular 
spiral polygon equiangular spiral, Fig. where the 
vertices ABCDE the polygon are enveloped the contacting 
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external equiangular spiral. similar internal equiangular spiral 
may also drawn contacting with the sides AB, BC, CD, etc. 
These equiangular spirals possess the well known property, indicated 
their name, that the angle between the polar radius vector 
any point, such Fig. makes constant angle PCT 
PCT’ with the tangent 7’CT that point. Again, the angles 
the pole subtended the successive sides the polygon, such 
the angles OPA, APB, BPC, etc., (Fig. 1), are equal, this case 60°. 


APPLICATION ELECTRICAL ENGINEERING. 


probable that such fundamental properties equiangular 
spiral polygons have already been noted and reported mathe- 
maticians; that here proposed only consider such polygons 
from the applied-science standpoint, and particular discuss 
their application the theory uniform alternating-current 
conducting lines, the transient state building final 
steady voltage current, after suddenly applying sinusoidal 
electromotive force the generating end. 


Fic. Uniform line AB, energised through switch from alternating 
current source negligible impedance. 


The subject such regular initial alternating-current wave 
transients has already been discussed some slight 
known that the alternating e.m.f. assumed impressed 
the generating end the line AB, Fig. zero moment; 
moment when the instantaneous value the sinusoidal e.m.f. 
passing through zero, applied without electric 
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succession waves alternating current and e.m.f. advance 
along the line speed commensurate with that “light”’ 
the dielectric used insulate the line, that they are reflected from 
the receiving apparatus and again from the generator appa- 
ratus that these waves, repeatedly reflected and fro, 
merge towards the ultimate final state into the final steady value 
voltage and current proper each and every point along the 
line. also known that such successive steps upbuilding 
towards the final state correspond the successive sides 
equiangular-spiral polygon. here proposed discuss, 
somewhat greater detail than believed have yet been reported, 
the nature and properties the polygons that pertain partic- 
ular cases. 


ARRIVAL SUCCESSIVE VOLTAGE WAVES 


the transient state following the closure the switch 
Fig. some zero moment the first voltage wave 
arriving comes from directed towards The second 
arrives from after reflection there, and directed back 
The third new reflection from directed towards and on. 
Thus all the odd numbers the series arrive from while 
all the even numbers arrive from The hyperbolic angular 
length the line taken hyps and the angular distance 
efficient voltage waves passed through the load when arriving 


numeric 
v Zo + a’ Z (3) 


where the vector impedance the load, and the surge 
impedance the line the frequency cycs. 


jlw 


The odd series waves (Ist, 3d, 5th, etc.) reaching 


The term “‘cycs” here used abbreviation the phrase per 
connoting frequency. 
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the rms. effective value the voltage applied will be: 
while the even series will be: 


volts (6) 


The summation, term term, both series alternately, builds 
the final steady voltage 

will observed that each the series (5) and (6), the 
ratio any one term its predecessor constant and equal 
means that each series may represented spiral polygon, 
and the polygons are similar, having the same vector ratio. 

The vector sum two similar spiral polygons, taken step 
step, alternately from each, itself another similar spiral polygon. 
The final voltage ultimately built the steady state 
the vector voltage, drawn the pole the summation polygon. 

may describe the spiral polygon representing the series 
voltage waves arriving from the A-voltage polygon, 
and that representing the series from the B-voltage polygon, 
while the combination summation polygon alternate waves 
from each end, may termed the AB-voltage polygon. 


ARRIVAL SUCCESSIVE CURRENT WAVES 
During the initial transient state, the successive current waves 
arriving from towards are: 


and the vector transmission coefficient current waves 
arriving and delivered through the load The value 


is: 


The coefficients and any given case, are related that 
+ 
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(10) 


Similarly, the successive current waves arriving from 
are: 


amperes 


each the series (7) and (11), the ratio any one term 
series (5) and (6). Consequently series (7) and (11) are both 
spiral polygons, and they are similar. Moreover, they are similar 
the voltage spiral polygons. 

alternate terms from the and series. This gives rise 
current polygon. 


INTERVAL BETWEEN SUCCESSIVE WAVES ARRIVING 


the angle subtended uniform conducting line km. long, 
the steady state, given impressed frequency cycs, is: 


hyps (12) 


where the total impedance the conductor mhos and 
the total admittance its dielectric mhos then the 
interval time, seconds, required for wave voltage 
current this frequency cycs traverse the line either direc- 
tion 1s: 


seconds (13) 


being the impressed angular velocity circular radians 
per second, and being the imaginary component circular 
radians. The apparent velocity, group velocity, the waves 
also known be: 


km./sec. (14) 
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the point situated midway between the two ends the 
line, the successive and waves voltage current will succeed 
each other uniform and equal intervals time. however, 
the point placed near one end, say near the interval 
time between wave and the wave its next successor, 
will relatively short; whereas the interval between wave 
and the wave its next successor, will relatively long. If, 
moreover, the point moved the end the and waves 
will coincide, double each other. The polygon will 
then the same either the polygon; but doubled 
scale magnitude. 


LOCATING THE POLE SPIRAL POLYGON, HAVING 
ANY PAIR SUCCESSIVE SIDEs. 


spiral polygon. The length may taken provisionally 
unity. The vector value given 


where the base Napierian logarithms, the length 
AB, circular radians. 

The next side will then being and on. 
distance AP, from the starting point the pole the polygon, 


will be: 
Ite" + + - (16) 
find this vector distance AP, produce back 
then take the planevector reciprocal and this equal 
magnitude and phase, size and slope. The angles 
PAB and are equal; while the length the reciprocal 
the length 
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The points ---, etc., forming the vertices the 
equiangular polygon, lie upon the equiangular logarithmetic 
spiral ABCD. The constant angle this spiral, the angle 
between the polar radius vector and the tangent any point, 
the angle PCT. This angle defined the relation 


tan numeric (18) 


being expressed circular radians and hyperbolic radians. 
the case represented Fig. 


that 
tan 1.0472/0.2825 3.7069 
and 


This angle therefore the negative slope the vector 

Another equiangular spiral the same slope might also 
drawn the internal side the polygon ABCD. would 
contact with the successive sides the same. 


VOLTAGE AND CURRENT POLYGONS FOR THE CASE 
FREED GROUNDED LINE. 


evident that the vector ratio successive terms series 


(5) and (6) (7) and (11), 


connected with the position angle the generating end and 
evident that the values and depend the transmission 
Both and the coefficient must known any given case, before 
the corresponding spiral polygons can assigned. If, however, 
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that m,) +1. the former case, the vector 
ratio successive waves either voltage current becomes 


Hence each wave voltage current bears its prede- 
cessor the size ratio and the slope phase difference 
radians. 


WAVE-LENGTH LINE FREED 


may consider the simple and interesting case line AB, 
instant, the line being just one eighth wave-length for the 
impressed frequency, and the successive voltage waves being 
reckoned the free end. 

The angle the line may taken 


0.34658 
0.34658 


Here circular radians, 1/2 circular the 
sinusoidal e.m.f. impressed has maximum cyclic amplitude 
1.414 volts, effective value 1.0 volt and rms. (root 
mean square), assumed standard phase; then the first wave 
This the first wave. instantly followed equal 
wave reflected from the open end. The result doubled 
wave 1.414 45° volts, shown the side OA, Fig. The 
ratio successive waves being 


90°, 


the next arrival 0.707 45°, AB, Fig. The internal 
angle the polygon 90°, and each side has half the length its 
predecessor. The pole the polygon and the vector 
(extended) intersects all the corners DFB. This vector 
the final steady-state voltage also 


underscored component indicates quadrant measure. 
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This the steady rms. effective voltage produced the open 
end this line, after 1.0 rms. volt has been applied for 
sufficient length time enable the residue neglected. 

Any line whose length one eighth wave, freed and 
energized without splash, will build its end voltage 
according right-angle polygon, Fig. Here the and 
waves are equal, and coalesce into wave double magnitude. 


Fic. Spiral polygon voltage waves building the free end 
eighth-wave line. 


The current waves the same free end consist pairs 
and waves precisely equal and opposite phase; that the 
current polygon that Fig. drawn half scale, counting the 
first outgoing wave the generator switch unity, standard 
phase. The current polygon drawn negatively all parts, 
with respect the polygon such manner that the resultant 
current always zero. 


CURRENT AND VOLTAGE POLYGONS FOR EIGHTH-WAVE 


With the line grounded have seen that the coefficients 
successive voltage current waves 
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for both the and polygons. Thus, consider the building 
current the grounded end and take the initial outgoing 


current namely 


rms. amperes (24) 


unity standard phase; then the first arrival current 
This instantly doubles, reflection from making the 
first combination wave amperes For the case already 
considered line one eighth wave long, and 


have, Fig. the first doubled wave the grounded 
end represented 


The next wave will have half this size, and slope 90° lagging 
behind OA. represented Fig. the vector AB. The 
successive waves are shown approach the pole such that 
the final vector (produced) intersects all the vertices BDEF, 
etc. The vector 


The voltage waves, this case, mutually cancel leaving 
zero resultant. 

may thus conclude that any eighth-wave line, either freed 
grounded the far end, develops combination waves 
voltage current that end, which are either always zero, 
contain right angles between successive sides. 


VOLTAGE FOR SIXTEENTH-WAVE LINE, 
FREED THE DISTANT END. 


the distant end the line freed, have seen that the 
coefficient m,) and that the vector ratio each 
wave its predecessor any point along the line is: 
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Figure represents the and polygons, for line having 


The vector ratio 
e os Z 135° = 0.5 Z 135°. 


Each side has half the length its predecessor, and makes with 
interior angle 45°. 


Fic. Spiral polygon vector current waves building the grounded 
end eighth-wave line. 


the e.m.f. impressed 100 volts, without splash, 
the first wave voltage arrive half way along the line 


—0.1733 


This the vector OA, The first wave 
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This represented the vector Oa. now have, for the 
series, the successive components AB, BC, CD, etc., each half 
its predecessor length, and making with the same internal 
angle 0.5, 45°, half quadrant. The resultant vector sum, 
the vector the pole these waves, OR. 


RAS 


\ 
C 100.7 5.8% 


Fic. spiral polygons voltage waves, also the combined polygon 


The successive waves arriving are Oa, ab, bc, cd, etc. 
Their final resultant Or, the vector drawn from the pole 
this equiangular polygon. The resultant voltage the steady 
state, the vector sum OR, and Or, OE’ 100.7 5°.8 volts. 
may, however, trace the successive sides the polygon. 
They are OA, Aa’, Bb’, etc. This might repre- 
sented spiral polygon having the sides Oa’, etc. 
The vector ratio this polygon likewise 0.5 135°, each 
side being half the length its predecessor and making therewith 
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interior angle circular radians, this case 45°. The final 
polar resultant voltage OE’ known given the relation 


Corresponding spiral and polygons could drawn for 
the current waves The polygon would the same 
that OABCD Fig. but the polygon would different 


Fic. Vector voltage building distant free end quarter-wave line. 


vector Oa; because the reflection the current wave from the 
open end would have the opposite phase the voltage wave 
reflected. The polygon would thus differ greatly from that 
Fig. but would still have side ratio 0.5 and have internal 
angles 45°. 

the line, instead being freed, were grounded through 
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known vector impedance, the building voltage and current 
would still conformity with some spiral polygon, and the 
vector ratio would obtainable from (21). 

CASE QUARTER-WAVE FREED GROUNDED. 


the case any quarter-wave line, its angle 


such line freed grounded, the vector ratio the spiral 
polygon polygon thus assumes the limiting 
case straight line. 

and having voltage 1.0 0°, applied without splash. 
The waves voltage are reckoned the free end The first 
wave 


—0.6 


This instantly doubled, reflection, into wave 
1.0976 90°. The vector voltage ratio 


The successive waves are OA, AB, BC, etc., all the same 
straight line, 90° phase behind the impressed voltage 
The resultant voltage 


may say, therefore, that when such quarter-wave line 
freed the far end, the spiral polygon voltage that end 
straight line, 90° behind the standard phase impressed voltage 


QUARTER-WAVE LINE, WHICH EITHER 


the point intermediate between and there will 
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current. Each and all these polygons will straight lines, 
having, however, different slopes. 


\ 


/ 


line freed 


Figs. and indicate the conditions for the building 
voltage the line above considered, point two thirds distant 
from and one third distant from The angular distance this 
point from would thus 0.4 j0.667, and from 0.2 
hyps. The first voltage wave arrive after applying 1.0 
rms. volt without splash, would 


represented the planevector OA, Fig. The vector ratio 
the polygon being 0.30119 the next voltage wave arriving 
from will 0.2019 AB. The final resulting voltage 
thus built 0.9571 60°. 


o 
0.4493 
0.6703 
\ 
\ B 
0.8722 
\ 
‘ 
\ / 
\ 
/ 
\ 
\ ff 
/ 
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Similarly, the first voltage wave reflected from and arriving 
(0-8 


and represented Fig. the planevector Oa. The succeeding 
waves are indicated the prolongations this line bc, etc. 
The finally built series waves 0.6411 120°. The final 


Fic. polygon attaining the same resultant voltage. 


total voltage the vector sum the and waves, 
1.394 This also expressed the ratio 


according the well known theory such lines the steady state. 
The successive and waves are indicated Fig. for the 
same case. These successive arrivals give rise the vector 


Fa’ 
0.6703 
/ 
0.9762 
1.164 
1.326 
1.358 1.372 
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zigzag path OAaBb, etc. The waves are however ab, 
etc., all same straight line OR. 

any point this quarter wave line, there is, when the 
end freed, one particular straight line for the waves, another 
for the waves, and third for the waves. The straight line 
waves coincides with the resultant the final sums 
the and the waves. the point brought coincide 
with the generator end the line, the vector coincides with 
1.0 0°, the impressed voltage throughout all time, including 
both transient and subsequent steady states. shifted 
from towards the size the straight line polygon increases, 
and its slope increases negatively. the free end the size 
maximum and the slope just 90°. 


LINE FREED 


With the point one third remote from the last example, 
the current wave polygons are indicated Figs. and 
first polygon becomes the straight line OC, Fig. 10, assuming 
that the initial outgoing current the generating end 1.0 0°, 
that taken unity standard phase. will noticed 
that the current-wave vector OC, terminating ultimately 
0.9571 60°, the same the voltage-wave vector 
Fig. The current-wave vector Oc, Fig. 10, has the same 
size Fig. namely 0.6411; but has the opposite direction. 
The resultant current wave Fig. thus 0.8446 
whereas the resultant voltage wave Fig. was 1.394 
The resultant current wave also known comply with the 
relation 


The development similarly presented Fig. 
the vector zigzag path pursued etc., culminating 
finally OR. The summation vectors pairs is, however, 
Oa, ab, etc., All these are the same straight line 0.8446 
18° 50’. 
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Vector current waves building intermediate point quarter- 
wave line polygon, polygon and resultant. 


0.6703 


Vector polygon current waves building intermediate point 
quarter-wave line. 


0.6411 

\ | 

\ 

| 

/ 

/ 

/ 

/ 
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0.9571 
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may thus conclude that any quarter-wave line, freed 
the far end, the and series current waves are straight- 
line polygons, each and every point When the point near 
the and straight lines are nearly horizontal and determine 
nearly horizontal resultant. When near the and 
straight lines are nearly vertical, and their resultant nearly zero. 

line which more than quarter wave-length 
the relations between internal and external angles the polygon 
become inverted, and the external angle becomes The original 
condition becomes restored line lengths exceeding one wave- 
length. 

FACTOR 


has been shown elsewhere that according theory, satis- 
factorily checked observation, waves voltage current 
any point such simple circuit that Fig. build 
during the transient state, according the expression: 


where the vector value the final voltage current the 
selected point the steady state, the position angle 
the generating end the line the steady state, and the 
number complete waves that have reached the point 
the moment considered. The vector value the coefficient 
called the growth factor the voltage current, 
and the growth factor zero. the factorisunity. The 
and on. These points determine vectorially the equiangular 
spiral polygon already described, Fig. being taken unity, 
and the vectors BP, CP, etc., being etc. The growth 
factors voltage and current the same point the same circuit 
are the same, while the corresponding polygons are similar. 


CONCLUSIONS. 


(1) Equiangular spiral polygons present themselves the 
discussion the initial transient states voltage and current over 
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uniform lines, loaded the end, and energized without splash 
the end, the sudden application steady sinusoidal 
e.m.f. uniform frequency. 

(2) The spiral polygon voltage current, given point 
the line, depends upon the angle subtended the line, and 
the point the line where the growth towards the steady state 
observed. 

(3) The vector ratio successive sides the polygon the 
same for all points the line, and depends only the hyp. position 
angle the generator end, where the hyp. 
angle subtended the load the line either freed 
grounded eliminate the load, the vector ratio the 
growth polygon will depend only upon the hyp. angle the line. 
the last named case, the ratio the length each side the 
polygon its predecessor, will and the internal angle 
contained between successive sides will cir. radians, where 

(4) The series waves, waves arriving from form one 
spiral polygon. The series waves form another, and their 
alternate summation pairs, the series, form third. 
All have the same vector ratio successive sides. 

(5) any single line with fixed load the growth factor 
the voltage waves, and the current waves the same, 
and the vector ratio their respective polygons, depending 
only upon the position angle The voltage and current polygons 
are similar. 

(6) quarter-wave line, freed grounded the angle 
between successive sides becomes 180°, the polygon becomes 
straight line limiting case. Each point the line develops 
rectilinear and polygons. The same relation holds for 
three quarter, five quarter, and odd-quarter-wave lines. 

(7) eighth-wave line, freed grounded the angle 
between successive sides becomes 90°. The and polygons 
become quadrantal. 


q 


Ea, 


= 


3.14159. 
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List SYMBOLS 


scalar ratio successive sides polygon (numeric). 
exponent scalar ratio successive sides (numeric). 


real and imaginary components the linear hyp. 


angle uniform line (hyps. per km.). 
susceptance alternating-current line (mhos). 


angle between successive sides polygon (cir. 
radians). 


linear capacitance uniform line (farads/km.). 


position angles the terminals and line 
the steady state (hyps 

electromotive force impressed line (rms. 
volts 

voltages points and line steady state 
(rms. volts). 


frequency impressed the line (cycles/sec. cycs.). 


dielectric conductance uniform line (mhos). 

linear dielectric conductance uniform line (mhos/ 
km.). 

angle subtended uniform line steady state 
(hyps 

angular distance line between points and 
(hyps 

initial outgoing current (amperes rms. 

the number complete waves that have visited 
point toward building steady state (numeric). 

length line (km.). 

linear inductance line conductor (henrys/km.). 

transmission coefficient for current load 
(numeric 

transmission coefficient for voltage load 
(numeric 

exponent vector ratio between successive sides 
polygon (numeric 
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resistance line conductor (ohms). 

linear resistance line conductor (ohms/km.). 

time single wave passage over the line one 
direction (sec.). 

group velocity waves over line (km./sec.). 

angle equiangular spiral, between tangent and 
polar radius vector any point (radians degrees). 

inductive reactance line (ohms). 

dielectric admittance line (mhos 

conductor impedance line (ohms 


surge impedance line (ohms 
impressed angular velocity (cir. radians/sec.). 


BIBLIOGRAPHY. 


KENNELLY. ‘‘The Process Building the Voltage and Current 
long Alternating-Current Circuit.” Proc. Am. Ac. Arts Sc., Vol. 
XLII., No. 27, pp. 701-715, May, 1907. 


Lines for Continuous Currents the Steady 


Proc. Am. Ac. Arts Sc., Vol. XLIV., No. pp. Aug., 
1908. 


KENNELLY AND ‘‘The Transient Process Estab- 


lishing Steadily Alternating Current Long Line, from Laboratory 
Measurements Artificial Proc. Am. Phil. Soc., Vol. 
April, 1920, pp. 325-370. 

KENNELLY. Electric McGraw-Hill Book Co., 
Y., 1917. 

KENNELLY. Application Hyperbolic Functions Electrical 
Engineering Univ. London Press, McGraw-Hill Book Co., 
ed., 1925. 


| 


THE HISTORY BIENNIS 
(ENOTHERA GRANDIFLORA SOLANDER, AND 
(ENOTHERA LAMARCKIANA 
VRIES 


BRADLEY MOORE DAVIS, 
University Michigan. 


(Read April 22, 1926.) 


INTRODUCTION. 


The summer 1925 gave long awaited and much 
desired opportunity examine herbaria England for data 
the time appearance and distribution England 
Vries. These are species particular interest geneticists 
working with cenotheras who hold widely different opinions the 
part that each has played the development certain conspicuous 
(Enothera floras England. The most important problem that 
the time appearance Lamarckiana. Was pres- 
ent early 1806, when Smith described the English Botany 
remarkable display cenotheras the sand hills Lancashire? 
did appear England much later, perhaps not much before the 
date 1860, when Carter and Company London offered the 
trade cultivated plant, and after this become established fre- 

Vries (1914, pp. 358, 359) and Gates (1915, pp. 17, 73, 84) 
their desire establish the presence Lamarckiana England 
close the time when Lamarck’s plants were grown the gardens 
the Museum d’Histoire Naturelle Paris about 1796 have un- 
equivocally expressed the opinion that the cenothera flora 1806 
over the sand hills Lancashire contained Lamarckiana and that 
Smith’s account and Sowerby’s figures biennis the 

Genetical Studies Papers from the Department 
Botany, University Michigan, No. 251. 
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English Botany, vol. 22, 1534, 1806, refer Lamarckiana and not 
biennis stated. 

have never accepted these views (Davis, 1913, 1915), although 
open-minded with respect evidence, and now prepared take 
positive position against them, holding that the cenothera flora 
Lancashire 1806 was biennis and also that the herbarium the 
Museum d’Histoire Naturelle Paris contains material that 
establishes the existence Lamarckiana early 1796, that the 
plants grown Lamarck Lamarckiana Seringe) were 
forms grandiflora Solander (Davis and that 
other material this period, including specimen Michaux’s, 
shall reserve discussion the herbarium material Paris for 
another paper and this time only consider evidence British 
herbaria bearing the part that biennis, grandiflora and Lamarcki- 
ana, together with some other large-flowered species, have played 
the development conspicuous associations England. 

found one the herbaria that visited inclined accept the 
views Vries and Gates. There was general agreement that 
Smith was correct identifying the Lancashire 
1806 biennis Linneus. Jackson the Lin- 
nean Society, Wilmott South Kensington, Turrill 
Kew, Gilbert Carter and Gray Cambridge, Baker 
Oxford, and Weiss Manchester greatly indebted for 
the time and attention given examination herbarium 
material. should have made poor progress without their patience 
and courtesy matters establishing dates and localities, identify- 
ing hand writing, and otherwise tracing the history sheets through 
the information that well organized herbaria have give and about 
which the visitor generally knows little. 

would seem hardly possible that there other herbarium 
material bearing the early history floras England 
than that which found the chief centers and the few additional 
references which Gates (1915) gives. this paper stimulates fur- 
ther search for evidence the problems here presented will have 
served purpose. 


q 
q 
7 
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CENOTHERA BIENNIS 


biennis refer the species limited that 
careful analysis Bartlett (1913) the Linnean species which was 
abundant the sand hills Holland when Linnzus published the 
Hortus Cliffortianus 1737 and which has become familiar 
(Enothera geneticists through the studies Vries and through 
cultures derived from his lines. species which few years 
ago was not known grow wild North America, but Bartlett 
through garden cultures has identified with the Dutch plant material 
collected from Montreal and from Newcomb and New 
York State. 


shall begin the discussion biennis with the con- 
sideration the specific problem the determination that species 
conspicuous and abundant the sand hills Lan- 
cashire 1806. Sir James Edward Smith (1806), founder the 
Linnean Society, under the name biennis the first edi- 
tion the English Botany,” wrote follows: 


Not without the most mature deliberation have been induced admit 
this into work British plants. Its being naturalized dunghills and 
waste ground either here Germany, mentioned Roth’s excellent 
Flora, when known have been introduced our gardens from America 
about two hundred years ago, would not have satisfied us. Our specimen was 
gathered the extensive and dreary sand-banks the coast few miles 
north Liverpool, where millions the same species have been observed 
Dr. Bostock, and Mr. John Shepherd, perfectly wild, and covering large 
tract between the first and second range sand-hills. Some natural cause 
has doubt established there, though possibly from the opposite shores 
the Atlantic. 

biennial, and flowers from July September. The stem 
feet high, often branched, leafy, angular, rough with minute tubercles, and 
hairy. Leaves alternate, ovate lanceolate, toothed, downy; the lowest 
stalks, longer and somewhat waved. Flowers sessile the bosoms the 
upper leaves, form large spike. They expand the evening, and 
are delicately fragrant, fine pale yellow. Calyx reflexed. Petals wedge- 
shaped, waved. Stamina equal and erect. Pods short, rough, full seeds 
which differ from those the Epilobium having down wing. 


There nothing the description Smith which not true 
both biennis and Lamarckiana. Characters that distinguish the two 
species, likely shown herbarium material, are: 


New York State (in manuscript). 
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Lamarckiana. 


Mature buds. 5.5-6 cm. long. Mature buds. cm. long. 

Sepal tips. 3-4 mm. long. Sepal tips. 6-8 mm. long. 

Petals. cm. long. Petals. 4-4.5 cm. long. 

About mm. below the tips Stigma. 5-7 mm. above the tips 
the anthers. the anthers. 

Stems. Green above, the Stems. With large red over 
never the green portions the stem. 


Smith’s account accompanied plate drawn James 
Sowerby with the date December 1805, which here reproduced 
(Plate I.) since from Vries and Gates have largely reached 
their conclusion that the plant illustrated was Lamarckiana and not 
The measurements the buds and flowers are intermediate 
between biennis and Lamarckiana and the stigma not placed below 
the level the anthers biennis although neither drawn well 
above the anthers should for have never 
been satisfied with this criticism Smith’s identification with bien- 
nis both general grounds probability and because has seemed 
most unlikely that, the plant were Lamarckiana, Smith and 
Sowerby would have failed bring out the description and figure 
such conspicuous peculiarities Lamarckiana the red 
over the green stem, the long sepal tips, and the great length the 
style. 

Fortunately this controversy settled sheet Smith’s 
Herbarium the Linnean Society London (Plate II., Fig. 1). 
This sheet bears the label biennis, Engl. Bot.” The two 
specimens the right are numbered which refers the statement 
Sand hills the coast few miles north Liverpool, September 
1805. Mr. Shepherd.” The other specimen the left the 
sheet numbered and with this the record From near Wood- 
bridge, Suffk., where covers acres ground. Mr. Turner.” 
All this matter the handwriting Smith. 

There plant with red over the stem which found 
cultivation the Cambridge Botanical Garden and three sheets the 
collections Charles Bailey the University Manchester. These sheets 
were: (1) St. Brelades Bay, Jersey, July 31, 1871, Coll. Charles 
(2) Sandhills Burnham Somerset, Sept. 1883, Waterfall; 


(3) Burnham, North Somerset, August 1886, Coll. Jas. White. The 
genetical constitution this plant should studied. 
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(Enothera Plate from the Botany,” Vol. 22, 1534, 
1806. Drawn James Sowerby from material “sent Sowerby Smith 
from Liverpool.” Specimens the material, preserved Smith’s Herbarium 
the Linnean Society, are shown Plate Fig. 


PLATE 


= 


PROCEEDINGS Am. PHILOS. Soc. VOL. LXV. No. PLATE 


Fic. biennis Smith’s Herbarium the Linnean Society. 
The two specimens the right were from hills the coast few 
miles north Liverpool, Sept. 1805.” Sowerby’s figures the English 
Botany” (reproduced Plate I., this paper) were dated Dec. 1805 and 
drawn from this similar material. 

collections the Linnean Society. Believed date earlier than the 
1753 edition the Species Plantarum.” 
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The three specimens have flowers the size and some 
the stigmas are clearly shown below the tips the anthers 
this species. The bud tips are those biennis the puberulent 
and pilose pubescence the sepals and stem. The the 
stem are not dark red and only have that light reddish brown tint 
that common old herbarium material therefore probable 
that younger parts the stems were clear green. The capsules 
measure about mm. which very close the length greatest 
frequency, mm., reported Vries (1901, 312) study 
356 capsules biennis which ranged length from mm. 
impossible that the plants could have been Lamarckiana, all 
points the specimens agree with 

Our concern chiefly with the specimens numbered from 
Sand hills the coast few miles north Liverpool, September 
1805. Mr. Shepherd.” They were collected the John Shep- 
herd and from the same locality mentioned the English Botany.” 
Also, the date, September 1805, the year when Sowerby drew 
his figures which are dated December 1805. The original colored 
drawings Sowerby the collections the Linnean Society bear 
the following note Sent Sowerby Smith—from Liverpool.” 
these drawings the sepals are clear green and red shown 
the over the stem although the long hairs are drawn carefully 
and red shown the side the stem and lower leaf. There can 
doubt that Sowerby worked from these very specimens from 
similar ones, but failed present correctly the stigma-anther 
relations and drew the plants somewhat too large. was the 
habit Smith preserve specimens the material which illus- 
trations for the English Botany were based. 

The specimen numbered with its record shows that biennis 
this time grew profusion also Suffolk. Turner refers 
Dawson Turner (1775-1858), banker Yarmouth. 

make clear the identification Smith’s plants the English 
1806 with biennis compare the speci- 
mens Fig. Plate with that Fig. which specimen 
biennis from the Herbarium Linnzus the collections the Lin- 
nean Society. This sheet bears the name biennis the handwriting 
Linnzus and the shoot shows flowers, buds, stem characters and 
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stem foliage remarkably well preserved the locality not given, the 
date must have been earlier than the 1753 edition the Species 
Plantarum.” There also complete agreement these specimens 
Smith’s and Linnzus’s with that important sheet the Hortus 
Cliffortianus 1737 labeled Onagra latifolia and, except for the sug- 
gested difference flower color, with the sheet labeled Onagra lati- 
folia flore sulphureo. The latter believed hold specimen 
the sulphurea variety biennis although the flowers are now too 
stained and faded show their original color. 

Other publications few years later give little further 
information concerning Thus Smith (1813) 
Rees’ Cyclopedia simply restates matter from his account the 
“English Botany” with, however, this sentence significance: 
biennis) the only British species 
nor was till very lately admitted such.” this Smith prob- 
ably meant that biennis was the only species growing wild con- 
spicuous associations. Don (1832) adds nothing importance 
Smith’s account the English Botany. Baxter (1839) gives 
description and plate biennis which, however, are not 
very satisfactory. Gates (1915, 16) holds that Baxter refers 
Lamarckiana but can see evidence for this view. The plate 
shows flowers drawn the size biennis and folded stigma-lobes 
projecting only slightly beyond the tips the anthers; the lower 
portions the lobes are below which not true for 
The stem described pale green color, rough with minute tu- 
there mention the tubercles being red, char- 
acteristic Lamarckiana which could hardly have failed receive 
notice. Baxter gives long list localities from some which 
specimens biennis had been preserved, particularly plants from 
Crosby and Southport Lancashire and Woodbridge Suffolk 
herbaria Smith, Borrer and Babington. seems highly probable 
that Baxter saw some this material herbaria which must have 
been notable collections that time. Lindley (1833) describes 
biennis var. grandiflora” which certainly was not 
biennis and will considered later this paper with group 
narrow-leaved, large-flowered cenotheras having pubescence similar 
character that Lamarckiana, and with red 
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The treatment biennis later editions the Eng- 
lish Botany did not improve the first edition and some curious 
errors developed. Thus the figures biennis the third 
edition the English are copies and rearrangements 
some parts the original plate James Sowerby with the addition 
lower leaf and capsule. The coloring and drafting not 
good. The description Boswell-Syme (1865) and gives the 
general information the first edition but with the following state- 
ments size, Calyx tube about inches long, the free portions 
twice long the part adhering the ovary; Petals 114 
inches more across; Pod inch long.” These measure- 
ments are too large for biennis, but they approximate the size the 
figures the plate and perhaps these were judged accurate 
representations size. know from the preserved specimens 
Smith that James Sowerby drew his figures biennis too large. 

What the British herbaria tell the history biennis 
England and especially the sand hills Lancashire? There 
given Table records sheets biennis known from the 
herbaria the British Museum South Kensington, the Royal 
Botanic Gardens Kew, the Linnean Society, and the herbaria the 
universities Cambridge, Oxford and Manchester. They present 
clear history rather frequent collections from Lancashire follow- 
ing the interest established Smith through the English Botany 
1806, and there are numerous scattered reports from other locali- 
ties. Thus before 1840 William Borrer gathered material from 
Crosby Warren, Leighton from Crosby Sands, Allen 
and Miss Potts from Southport, all the region Smith’s original 
report. More recent sheets give records specimens collected 
1872, 1877, 1878, 1883, 1885, 1907 and 1913. Some these speci- 
mens were gathered Charles Bailey and Wheldon who 
knew Lamarckiana well biennis and clearly 
separated the two species. Bailey (1907, records some other 
collections biennis Crosby, and Wheldon (1913) gives good 
description and plate the plant with interesting account its 
distribution and associates the sand hills Lancashire. These 
excellent botanists, familiar with the region, knew their plant thor- 
oughly and there was doubt their minds its identification 
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with biennis Linneus. clear that biennis since 1806 
has been continually the sand hills Lancashire established 
wild species. For Lamarckiana, shall presently see, there 
evidence presence England until about 1860 when Carter and 
Company London presented Lamarckiana the trade. 

The older records biennis show that had been 
English gardens for more than century previous 1800. There 
the excellent specimen the Morisonian Herbarium Oxford 
University which bears the label Lysimachia lutea corniculata non 
papposa Virginiana major. Moris. Hist. Oxon. No. 7.” 
This plant was grown the Oxford Physic Garden about 1680 
Morison possibly later Brobart his assistant 1680 the date 
the Morison’s Plantarum Historia Universalis Oxoniensis.” 
Miller (1760) figures Plate 189 (published 1757) two plants 
differing flower size both which, however, show clearly stigmas 
placed below the anthers the position characteristic biennis. 
The larger flowered plant designated ovato-lanceolatis planis 
Vir. Cliff. seems most certainly have been could not 
have been Lamarckiana suggested MacDougal (1907). Miller 
states that the plant more commonly seen the gardens than any 
the other species.” Gates (1915) gives references biennis 
number collections Linnean and pre-Linnean dates and the 
evidence clear that the plant these early years was subject 
particular interest attractive American introduction. 


TABLE 


Dates LATER THAN 


1780. biennis, Cottage Garden, 1780. (Smith’s Herbarium, Lin- 
nean Society.) Handwriting Smith. 

1805. First specimen—Sand hills the coast few miles north Liverpool, 
Sept., 1805. Mr. Shepherd. Second specimen—From near Wood- 
bridge, Suffolk, where covers acres ground, Mr. Turner. 
(Smith’s Herbarium, Linnean Society.) Handwriting Smith. 

1806. Mrs. Turner, 1806. (General Herbarium, Royal Botanic Gardens.) 
Probably the wife Dawson Turner. 

1811. Suffolk coast, Rev. Leathes, 1811. (General Herbarium, Royal 
Botanic Gardens.) 

1810-1820. First specimen—Sussex, Wm. Borrer, Esq. Second specimen— 
Crosby Warren, Borrer. (Herbarium, British Museum.) These 


7 
7 
7 
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specimens have dates, but Borrer (1781-1862) probably collected 
them between 1810 and 1820. Crosby Warren Smith’s locality 
Lancashire. 

1825-1843. Crosby Sands, Lancashire, Mr. Leighton. (General 
Herbarium, Royal Botanic Gardens.) Rev. Leighton (1805- 
1889). 

1829. Woodbridge, Suff., July, Dr. Jermys. Herb. Babington. 
(British Herbarium, Cambridge University.) 

1832. Near Headford, Aug., 1832, Herb. Shuttleworth. (Herbarium, 
British 

1835. Southport, Lancashire, Oct., 1835, Allen. Ex. Herb. Churchill 
Babington. (British Herbarium, Cambridge University.) 

1837. Crosby Warren near Liverpool, July, 1837, Borrer. Herb. 
Babington. (British Herbarium, Cambridge University.) 

1837. Crosby Warren, below Liverpool, July 31, 1837. (Borrer Herbarium, 
Royal Botanic Gardens.) Probably collected Borrer. 

About 1839. Southport (Lancashire). Ex. Herb. Miss Potts, Chester. 
(British Herbarium, Cambridge University.) 

1843. Woods about Bexley, Kent, 1843. Ex. Mr. Edwards. (Herbarium 
Charles Bailey, University Manchester.) 

1843. railway between Walton and Weybridge, Surrey, Sept., 1843. (Wat- 
son Herbarium, Royal Botanic Gardens.) Collected Watson 
(1804-1881). 

1844. Swansia, Glanmorgan (S. Wales), July, 1844. Com. Mog- 
gridge. (Watson Herbarium, Royal Botanic Gardens.) Matthew 
Moggridge (1803-1882). 

1845. North Cray Woods, Kent, 1845. (Herbarium Charles Bailey, Uni- 
versity Manchester.) 

1846. Plymouth, Devon, Sept., 1846, Goulding. (Herbarium Charles 
Bailey, University Manchester.) 

1848. Hebburn Ballast Hills, Banks the Tyne, Durham, 1848. Coll. and 
communicated John Storey. (Watson Herbarium, Royal Botanic 
Gardens. 

1852. Brookgate, Halstead (Kent), July, 1852. Mrs. Atkins’ herbarium. 
(British Museum.) 

About 1854. Exmouth sands (Devonshire). Ex. herb. Rev. Crotch, 
Taunton. (British Herbarium, Cambridge University.) 

Burnham (Buckingham), July, 1861. Herb. John Sadler Gale. (British 
Herbarium, Oxford University.) 

1862. Lea, gravel walk from Lea Hull the church, Aug. 11, 1862. Herb. 
Lowe. (Herbarium, British Museum.) 

1864. Canal clover field, Thames Ditton, Surrey, July, 1864. From Hewett 
Watson. (Herbarium, British Museum.) 

1867. Barmouth (North Wales), 28, VIII., 1867. Capron. (British 

Herbarium, Oxford University.) There are two specimens from 

Barmouth and above small specimen uncertain identity from 

Albury Park. 


7 
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Sandy field Mersey View, Waterloo, Lancashire, VIII., 1872. 
Coll. (Herbarium Charles Bailey, University Man- 
chester.) 

Waste ground about London, 1872. (Herbarium Charles Bailey, 
University 

Bristol river, Aug. 28, 1875. (Herbarium Charles Bailey, Univer- 
sity Manchester.) 

Railway Banks, Glosterside Avon, Sept., 1875. (Herbarium 
Charles Bailey, University Manchester.) 

Sandy ground, Crosby, S.W. Lancashire, 17, 1877. coll. 
Harbord Lewis, Liverpool. (British Herbarium, Oxford University.) 

Railway Bank, Aberdovy, Wales, VIII., 1878. Coll. Fox. 
(Herbarium Charles Bailey, University Manchester.) 

Sandy Fields, Crosby, Lanc., August, 1878, Comber. (Herbarium 
Charles Bailey, University Manchester.) 

Ainsdale, Southport, Southwest Lancashire, Sept. 21, 1883. Coll. 
Charles Bailey. (Herbarium Charles Bailey, University Man- 
chester. 

Southport, Southwest Lancashire, Oct. 12, 1885. Coll. Charles Bailey. 
(Herbarium Charles Bailey, University Manchester.) 

Sandhills, Hightown, Lanc., Aug. 30, 1907. Leg. Wheldon. 
(Herbarium Charles Bailey, University Manchester.) 

Birkdale near Southport, West Lancashire, Aug. 24, 1907. Coll. 
Charles Bailey. (Herbarium Charles Bailey, University Man- 
chester.) 

Sandhills, Hightown, Lanc., Aug., 1907. Leg. Wheldon. 
(Marshall Herbarium, Cambridge University.) 

Sand dunes, Hightown, Lanc., 1913. Leg. Wheldon. 
Cult. for fifteen years Walton. (Marshall Herbarium, Cambridge 
University.) 

duplicate the above the Herbarium Charles Bailey, Univer- 
sity Manchester. 


GRANDIFLORA 


sharp contrast the numerous herbarium sheets England 
biennis the marked scarcity material that may 
identified grandiflora Solander. This large-flowered, 
long-styled species could never confused with biennis and La- 
marckiana anyone familiar with its characters, but because the 
species almost unknown the present generation British botan- 
ists the characters that will distinguish herbarium material are given 
below. 
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grandiflora. 
Stems. Sparsely pubescent, green 
above, reddish below, 
never red over green portions 
the stem. 
Leaves. Smaller, 
tinctly petioled, plane, with less 
pubescence. 


Fowering shoots. Clustered, approx- 
imate branching. 
Inflorescence. More open, narrower 
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Lamarckiana. 


Stems. With heavy pilose and pu- 
berulent pubescence, numerous 
red over green portions 
the stem. 

Leaves. Larger, broader, short peti- 
oled almost sessile, the larger 
crinkled, more 
cence. 

Flowering shoots. 
long branches. 

Inflorescence. Dense spike, crowded, 


Frequently single 


bracts. 

Buds. Long slender hypanthium and 
slender cone. 

Sepals. Glabrous almost glabrous. 


flat topped, broader bracts. 

Buds. Stronger hypanthium and 
much wider cone. 

Sepals. With heavy pilose and pu- 
berulent pubescence. 

Sepal tips. 6-8 mm. long, thicker and 
with heavy pilose pubescence. 


Sepal tips. mm. long, attenuate 
and with relatively little pubes- 
cence. 

Ovary. Glabrous. Ovary. 
lent. 

Capsules. 2-2.5 cm. long, strongly 


pilose and puberulent. 


Strongly pilose and puberu- 


Capsules. 2.5-3 cm. long, glabrous. 


will noted that the most striking difference between grandi- 
flora and Lamarckiana, likely shown herbarium material, 
that pubescence sepals, ovaries and capsules; Lamarckiana 
heavily pilose and puberulent over these parts, grandiflora almost 


glabrous. these respects also differs from biennis 
which addition distinguished its smaller flowers and stigma 
below the anther tips. 

(Enothera grandiflora very well known such geneticists 
have recent years grown material from its habitat Dixie Land- 
ing, Alabama, and species has clear history 
introduction into Europe (MacDougal 1905, 7). The plant was 
discovered William Bartram 1776 near Tensaw, Alabama, 
expedition undertaken the request John Fothergill, M.D. 
Solander’s original description Aiton’s Hortus Kewensis, 
from material grown Kew, states that grandiflora was intro- 
duced John Fothergill 1778. The type specimen the herba- 
rium the British Museum South Kensington with Hort. 
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Fothergill makes evident that Bartram must have sent seed 
Fothergill. This specimen has suffered from the attacks insects 
but the material shows clearly the bud form and attenuate sepal tips 
grandiflora and the scant pubescence over the sepals and other 
parts characteristic the species. 

The British herbaria that visited apparently have almost nothing 
show from English sources that clearly grandiflora. 
Gates (1915, 13) records specimens from Cobham Lodge 1829 
and 1831, which have not seen, and there specimen Cam- 
bridge University labeled Herb. Gray. Waste ground near 
St. Botolph’s station, Colchester, Coll. Gray, Aug. 1881.” 
There were some sheets, incorrectly identified, belonging plants 
that some respects resembled Lamarckiana but were neither this 
species nor grandiflora. These are considered the end this 
paper with other sheets under the heading Narrow-leaved, large- 
flowered cenotheras from British localities with pubescence similar 
character that Lamarckiana, and with red 

was greatly surprised this paucity information concerning 
grandiflora England, and later was much interested find this 
comment Wheldon (1913, 207): The old garden 
appears have been biennis, grandiflora (which presume 
would include Lamarckiana) for long time, judging from cul- 
tural directions old gardening books, was regarded somewhat 
tender plant, fit only for growing under glass.” Also, Sims (1819) 
(Enothera grandiflora remarks considered hardy, 
though marked the catalogues.” Sims’s plant was not grandi- 
flora but possibly some associated form since know from garden 
cultures that with grandiflora southern United States are other 
large-flowered cenotheras that may isolated. 

The only records grandiflora-like plants growing wild Eng- 
land recent date seem those Gates (1913, 1914) who grew 
cultures from seeds large-flowered colony Birken- 
head near Liverpool. Gates’s cultures from this source contained 
some lines grandiflora-like forms together with dwarfs, and also 
types resembling and some its derivatives. did 


| 
7 


DAVIS—HISTORY 361 


not see the original colony Birkenhead but concludes (Gates 1914, 
386) that “it evidently contains great profusion forms be- 
longing both Lamarckiana and This Birken- 
head colony cited exceptional among the numerous stands 
(Enothera Lancashire which Gates, agreement with the observa- 
tions Bailey and Wheldon, found biennis Lamarckiana, 
one both. 

have strongly the impression that grandiflora England does 
not establish itself garden escape, sharp contrast biennis and 
Lamarckiana which are frequently found suitable situations. 
may expected appear sporadically, has done number 
localities the United States, but with us, also, does not hold 
its own except its special southern habitats. grandiflora 
reach full development requires the conditions long, warm 
even hot summers. The lines that have carried for the past seven- 
teen years did very well the long humid summers Philadelphia, 
but New England and Ann Arbor they have flowered late 
that obtain seed has always been necessary pollinate early 
and protect the developing capsules from frost. There 
course always the possibility grandiflora crossing with other forms 
that may near and such colony that Birkenhead may 
have been mixture types, including hybrids. 


CENOTHERA LAMARCKIANA VRIES. 


must stated the outset this discussion that Lamarck- 
iana mean the plant made familiar botanists the material 
which Prof. Vries has freely distributed all interested 
(Enothera genetics. know the characters this plant very well 
through all stages its development. know that there 
number races within the species but that these distinguished 
minor peculiarities which not affect the fact that Lamarckiana 
very clearly defined species with marked peculiarities leaf 
form, habit growth, pubescence, inflorescence, bud form, flower 
size and structure, capsule size, etc., together with very high degree 
seed sterility and about per cent. bad pollen. There abun- 
dant evidence both from its breeding behavior and peculiarities its 
chromosome distribution that the plant heterozygous and striking 
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illustration impure species (Davis 1922), maintaining itself 
the virility the type heterozygotes that constitute almost all 
its product viable seeds. 

was much surprised find how common Lamarckiana has be- 
come south and central England. one the frequent plants 
private gardens, against walls and borders where readily sows 
itself. frequently escapes from cultivation and may seen along 
railroad tracks the suburbs cities. would expected the 
showy Lamarckiana now much more commonly cultivation than 
the smaller flowered biennis which earlier was popular plant 
cottage gardens. 

wild plant Lamarckiana best known through colonies 
Lancashire where they were first reported Charles Bailey (1907), 
who made careful observations extensive growths the plant 
St. Anne’s-on-the-Sea. Bailey states that gathered the same plant 
Southport, Ainsdale and Birkdale the opposite shore the 
estuary the Ribble 1881 and subsequent years. Wheldon 
(1913) also studied the plant noting that much 
more plentiful and more widely spread the dunes South 
Lancashire and Lamarckiana more abundant north the River 
Ribble; also that Lamarckiana was mostly made ground near 
towns.” Gates (1914) visited the region and found the colonies 
biennis and Lamarckiana, the latter plants exhibiting various racial 


peculiarities shown their inheritance through cultures. 
states that exact duplicates Vries’s race Lamarckiana are 
infrequent but that they may differ only one character bud 
color. Cultures from seeds the Lancashire plants MacDougal 
(1907, and Gates (1914) gave variants some which were 
comparable those from the Lamarckiana Vries. 

visited St. Anne’s the summer 1925 and found Lamarcki- 


ana still present the outskirts what has become rapidly grow- 
ing summer resort. Collecting seeds from different plants this 
St. Anne’s material the following interesting cultures were grown 
Ann Arbor the summer 1926. (1) Culture 26.45, germina- 
tion 29.8 per cent., gave 260 Lamarckiana, lata, nanella, hero, 
small-leaved plants with red bud cones, scintillans-like rosettes. 
(2) Culture 26.46, germination 31.9 cent., gave 207 Lamarckiana, 


DAVIS—HISTORY CENOTHERA. 363 


lata, nanella, scintillans-like rosettes. (3) Culture 26.48, ger- 
mination per cent., gave Lamarckiana, lata, hero, scintil- 
lans-like rosette. rosettes failed develop 
shoots. The hero plants, with only per cent. good pollen and 
many the grains 4-lobed, were probably triploids. The percentages 
germination were close those determined for lines Lamarcki- 
ana from Vries, and examinations pollen showed the character- 
istic proportion per cent. bad grains. This behavior St. 
Anne’s material what would have been expected Lamarckiana. 

Some excellent material Lamarckiana from St. Anne’s was 
distributed Bailey and may found the herbaria the British 
Museum, Royal Botanic Gardens, Oxford University, and elsewhere, 
and large number sheets the University Manchester. 
this material are specimens least three forms which are not 
Lamarckiana. The first smaller flowered, with shorter styles and 
short sepal tips biennis, and may cross between Lamarcki- 
and this species. The second form with the stigma near the 
base the petals closely resembles The third plant 
designated Bailey narrow-leaved distinguished from 
Lamarckiana its narrow, eliptical leaves with longer petioles, slen- 
der bud cones, and shorter sepal tips. The form suggests certain 
large-flowered American species the West, having that appearance 
weediness generally characteristic cenotheras, appearance 
sharp contrast the luxuriance This plant to- 
gether with certain specimens from Lancashire noted the 
next section this paper indicates that other species besides biennis 
and Lamarckiana have been these sand hills. 

interesting situation opened when try trace the history 
Lamarckiana England. There very little herbarium material 
with distinctive characters this plant clearly shown. have listed 
all the sheets that know Table arranged that they run 
from specimens recent date back what believe the earliest 
specimen Lamarckiana. these may added references 
Gates (1915, 15) Herb. Hort. Kew 1883,” Uxbridge, England 
and Garden Reigate, Boulanger Returning the 
list Table from St. Anne’s there number sheets Charles 
Bailey collected 1907 and somewhat earlier. From Bidston Junc- 
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tion, near Birkenhead, there sheet Greene dated 1905. 
particularly good specimen cultivated plant from the garden 
Edward Leeds bears the date 1876. 1871 and 1872 Churchill 
Babington collected specimens waste land (probably escapes) 
Banbury (Oxford) and Cornfield, Suffolk. The most important 
specimen plant grown 1862 Dr. Asa Gray Cambridge, 
Massachusetts, from seed received from William Thompson Ips- 
wich, England. 

earlier paper (Davis, 1913) brought this sheet the at- 
tention British botanists emphasizing its probable close relations 
the material Carter and Company, seedsmen London, who about 
1860 placed Lamarckiana the market. hoped that its 
importance understanding the cultures Carter and Com- 
pany might lead the discovery other specimens bearing the 
problem the origin Lamarckiana. offer this sheet the 
oldest specimens Lamarckiana known, holding that Vries and 
Gates have failed present satisfactory evidence for the existence 
Lamarckiana previous 1860. 

The sheet (Plate bears notes the handwriting Dr. Asa 
Gray the following effect—in ink Lamarckiana,” Hort. 
Cantab. 1862,” and from seed Thompson, pencil 
and probably different date said English horticulturists 
come from Texas.” was the habit Dr. Gray that time 
use herbarium labels marked Hort. Cantab. and this fact together 
with the absence other writing the sheet indicates that the plant 
was grown the botanical garden Cambridge, Massachusetts. 
The note from seed Thompson” refers William Thompson 
Ipswich, England, who died 1903. William Thompson was 
seedsman and most enthusiastic cultivator with correspondents 
all temperate countries and the introducer numerous herbaceous 
plants more particularly annuals and biennials. 

highly probable that William Thompson with his interest 
novelties, obtained from Carter and Company their new 
and that the seed sent Dr. Gray was either directly from this 
source from plants cultivated Thompson. will remem- 
bered that Carter and Company stated that they received their seed 
from Texas, which accords with Dr. Gray’s note said English 


q 


PROCEEDINGS AM. Soc. VoL. LXV. No. PLATE 


Specimens the Gray Herbarium Harvard University from plant 
Lamarckiana grown Dr. Asa Gray Cambridge, Massachu- 
setts, 1862 from seed sent William Thompson Ipswich, England. 
This sheet offered holding the oldest specimens Lamarckiana known, 
possibly not more than one two generations removed from the cultures 
Carter and Company. 


‘ 
‘ 


PROCEEDINGS Am. PHILOS. Soc. VoL. LXV. No. PLATE 


Fic. 


Fic. figured Lindley Edwards’s Botanical Reg- 
ister,” Vol. 19, 1604, 1833. Probably associated with early introductions 
into England certain narrow-leaved, large-flowered cenotheras with pu- 
bescence similar character that Lamarckiana (see Table this 
paper), which were cultivation early 1830. 

Fic. Specimens the herbarium Cambridge University claimed 
Gates (1915, 15) Lamarckiana, exact counterpart 
Vries’s race.” Label, Mus. Henslow, Ginothera grandiflora, Switzerland, 
date, but must the early nineteenth century. The pu- 
bescence soft hairs scattered sepals and stems. There are red 
bearing stiff hairs the stems, neither there characteristic puber- 
ulence, and therefore the pubescence not that Lamarckiana. Also, the 
leaves and bracts are rather narrow for Lamarckiana and the sepal tips are not 
attenuate. The material not Lamarckiana. 
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horticulturists come from Texas.” this interpretation the 
sheet the Gray Herbarium correct the plant was very close 
indeed the cultures Carter and Company, possibly not more than 
one two generations removed. This sheet then gives evidence 
the composition the cultures Carter and Company immensely 
more valuable than the very unsatisfactory accounts The Floral 
Magazine, Vol. Plate 78, 1862, and Horticole,” 
Vol. Plate 318, 1862, both accompanied the same figure 
impossible 

The importance this sheet the Gray Herbarium (Plate 
has led re-examine the specimens with the advantage wider 
acquaintance with Lamarckiana and grandiflora than when wrote 
the first description (Davis 1913). 


Stem. Strongly pilose and puberulent, the long hairs arising from red 
Lamarckiana. 

Leaves. Lamarckiana-like form and puberulent pubescence. The large 
leaf, about 18.5 cm. long, suggests its form the basal leaves 
Lamarckiana. 

Inflorescence. Rather more open than that Lamarckiana but evidence 
approximate branching grandiflora. 

Bracts. Broad base and puberulent Lamarckiana. 

Buds. More slender hypanthium and bud cone than that Lamarckiana; 
these respects grandiflora-like. 

Sepals. Strongly pilose and puberulent as-in Lamarckiana. 

Sepal Tips. About mm. long, attenuate grandiflora, but heavily pilose 
Lamarckiana. 

Petals. About 4.5 cm. long. 

Stigma Lobes. about mm. above the tips the anthers. 

vary. Heavily pilose and puberulent and with red Lamarckiana. 

Capsules. cm. long. Heavily pilose and puberulent Lamarckiana. 
The capsules are longer than most races Lamarckiana (2-2.5 cm.) 
and not stout, but they not taper 


will noted that the plant typical Lamarckiana all 
important respects except the more slender buds, attenuate sepal 
tips, and longer capsules. these respects the plant similar 
grandiflora, but the heavy pubescence the structures that 
the sepals and capsules grandiflora are glabrous 
almost glabrous. Pubescence most important character judg- 
ing relationships among the cenotheras and the pubescence the 
stem, leaves, sepals, ovaries and capsules these specimens 
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wholly that Lamarckiana. The large broad leaves are also char- 
acteristic Lamarckiana and remove this plant from narrow-leaved 
species with which might confused. The capsules are longer 
than most races Lamarckiana, but they fall within the range 
measurements recorded Vries (1901, 312) study 568 
capsules Lamarckiana. 

Thus pubescence, leaf form, inflorescence, flower structure and 
capsule form the specimens show clearly the characters Lamarcki- 
ana. bud form and attenuate sepal tips only find sugges- 
tions another early papers was inclined emphasize 
this resemblance grandiflora but the strong pubescence stems, 
buds and capsules makes unlikely that grandiflora contributed 
the blood this plant. These characters, typical the plant, 
seem more likely have genetic relation some other species than 

have hinted that there may have been other large-flowered 
cenotheras England besides biennis, grandiflora and Lamarckiana 
complicate the problem tracing the history the latter species. 
examination herbarium sheets last summer found evi- 
dence such material specimens differing from Lamarckiana 
most conspicuously through the presence narrower leaves and 
these specimens will now considered. hold that these specimens 
are not and that there herbarium evidence 
the presence Lamarckiana England elsewhere before the time, 
about 1860, when Carter and Company presented the plant the 
trade. 

TABLE 
SPECIMENS CENOTHERA LAMARCKIANA VRIES FROM 


1907 and earlier. Various sheets Charles Bailey specimens from St. 
Anne’s-on-the-Sea, Lancashire. (Herbaria, University Manches- 
ter, British Museum, Royal Botanic Gardens, Oxford University.) 

1905. Sandy waste ground about the railway Bidston Junction, miles 
Birkenhead, Cheshire. Greene, Date July 1905. (Herba- 
rium, British Museum.) 

1876. Cultivated specimen from the garden Mr. Edward Leeds (General 
herbarium, Royal Botanic Gardens). particularly good specimen 

1871. First specimen—Waste places, near North Western Railway, 
Banbury (Oxford), Aug. 25, 1872. Coll. French. Second speci- 
corn field waste land, not truly wild, Corkfield, Suffolk. 
Churchill Babington, Sept. (Herbarium, British Museum.) 
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1862. Hort. Cantab. 1862, from seed Thompson, Ipswich. (Gray Herba- 
rium Harvard University.) plant grown Dr. Asa Gray 
Cambridge, Massachusetts from seed sent William Thompson, 
seedsman Ipswich, England. seems probable that Thompson 
obtained his material from Carter and Company London who 


placed Lamarckiana the market novelty about 
1860. 


LARGE-FLOWERED CENOTHERAS FROM BRITISH 
LOCALITIES WITH PUBESCENCE SIMILAR CHARACTER 
THAT LAMARCKIANA AND WITH 


interest narrow-leaved, large-flowered cenotheras with 
pilose and puberulent pubescence similar character that La- 
marckiana was stimulated last summer the examination that 
specimen Michaux’s the herbarium Museum 
Naturelle Paris which Vries (1914) has brought forward 
plant Lamarckiana, conclusion that Gates (1915) has accepted. 
shall discuss the specimens this sheet detail another paper. 
this time only necessary note that however similar Mi- 
chaux’s plant may have been Lamarckiana bud and flower 
structure and pubescence its foliage removes entirely from this 
species. 

There are many leaves shown the two specimens the sheet 
Michaux’s, one the upper part shoot and the other lower 
section where the stem was thick. All leaves and bracts are ellipti- 
cal-lanceolate, tapering long petioles which measure much 
cm. the larger leaves. One the larger leaves cm. long 
and 2.8 cm. its greatest width ratio width length less than 
1:5. This narrow leaf form Lamarckiana definitely does not have. 
Indeed, Lamarckiana and biennis are exceptional having broad 
short-petioled leaves which give the plants aspect luxuriance 
sharp contrast the weediness most cenotheras. may 
never able identify Michaux’s plant, but venture believe 
that was tall plant, very leafy but without great range leaf 
size. The buds were least cm. long, the hypanthium long and 
slender, and the flowers exceptionally large. was coarse plant 
with much heavier pubescence than that although 
the same nature. There are types cenotheras south and west 
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North America and probably elsewhere which have these character- 
istics various degrees, but they have not yet been given careful 
study through garden cultures. 

was then matter much interest find English herbaria 
number sheets suggesting various particulars this plant 
Michaux’s, that say, they were narrow-leaved, large-flowered and 
had the type pubescence found Lamarckiana including red pa- 
over the stem. have listed these specimens Table but 
detailed descriptions will not given since shall not attempt 
identify them holding only that they are not Lamarckiana. They are 
clearly not one species and none the specimens can safely 
matched with the sheet Michaux’s. Some the specimens have 
important associations with dates and with localities and these will 
now considered. 

the Lindley Herbarium Cambridge University are two 
sheets the years 1827 and 1828 with references Douglas. This 
was David Douglas (1798-1834) who 1823 was sent the 
Horticultural Society collect America. was Rio 
1824, British Columbia 1825-27, California and the 
Fraser River (Britton and Boulger 1893). The sheets bear 
the initials the significance which not clear but letter 
from Compton states that they seem refer 
the garden the Horticultural Society. The correspondence 
dates indicates that these plants were some the Douglas introduc- 
tions and the note the sheet 1827 N.W. America” bears out 
this interpretation. Another specimen the Lindley Herbarium 
labeled grandiflora 1828,” with locality given, 
from the heavy pubescence and red papillz clearly not 
has the appearance cultivated plant. The letter 1911 from 
Compton tells specimen the Lindley Herbarium with 
data grown garden from seed sent Tate from Mexico 
Compton states that the specimen agrees pretty well with Lamarck- 
iana size, hairiness, etc., bracts very large, however, 
this extraordinary length bracts far beyond that Lamarckiana. 
Search for this sheet the herbarium Cambridge University has 
not been successful. 

These plants are particularly interesting connection with 
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Lindley’s plate biennis var. grandiflora” Edwards’s 
Botanical Register, Vol. 19, 1604, 1833. description 
gives little information importance which together with the 
synonymy (biennis Linn., grandiflora Ait., suaveolens Desf., muri- 
cata Linn.) shows that did not recognize the specific differences 
among the cenotheras that mentions. The illustration (Plate IV., 
Fig. shows plant obviously the large-flowered group with 
very narrow lower leaf measuring the figure about 22.5 cm. long 
and only its greatest width. Here then was large-flowered, 
narrow-leaved cenothera probably hairy, since was placed vari- 
ety biennis rather than associated with grandiflora which Lindley 
states has “scarcely any hairyness.” interesting that Lindley 


should write The plant now figured not uncommon gardens; 
one the handsomest all biennials and easily managed 
the common biennis remark gives further 
evidence that the plant was not grandiflora which not easily grown 
and apparently never became England common garden plant. 
Since the plants associated with the name Douglas and possibly 


grown the gardens the Horticultural Society 1827 and 1828 
are the herbarium Lindley appears probable that they were 
part Lindley’s conception biennis var. grandi- 
flora.” clear that some large-flowered, narrow-leaved cenotheras 
were cultivation before 1830 and that these were neither 
grandiflora, nor Lamarckiana. They were probably, least part, 
introductions from southern western North America and possibly 
from South America. 

Next the list specimen 1867 from Tenby, South Wales, 
apparently collected waste lands rabbit burrows. This speci- 
men interesting for its particularly long narrow leaves, thick stem 
indicating tall plant, and rough pubescence. suggests very 
strongly some the large coarse species America and since Tenby 
seaport may readily have been introduction; does not have 
the appearance cultivated plant. 

more recent years have clear record narrow-leaved, 
large-flowered cenotheras the sand hills Lancashire. There 
are two specimens 1905 from the herbarium Theodore Green 
collected the nearby stations Formby and Fairfields between 
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Liverpool and the River Ribble. These specimens are similar and 
have long narrow leaves thick stems and heavy rough pubescence. 
They were probably tall coarse plants more likely introductions 
than garden escapes since they did not have the foliage and trimness 
that makes Lamarckiana attractive for cultivation. 

Finally, there was 1907 another the coast 
Lancashire collected Bailey St. Anne’s-on-the-Sea and dis- 
ana. saw number sheets this plant the herbaria visited 
and they are likely found any collection the Bailey 
(Enothera material from St. Anne’s. was narrow-leaved plant 
with buds more slender than those Lamarckiana, and flowers not 
large. The sepals were red, the sepal tips shorter than La- 
marckiana, but the pubescence was similar. cannot identify this 
plant with any American species known me, but there are sugges- 
tions western American cenotheras. would interesting 
know whether the plant species independent and 
Lamarckiana the sand hills Lancashire. There is, course, 
the possibility its being some hybrid derivation. 

The evidence clear that large-flowered cenotheras other than 
biennis, grandiflora, and Lamarckiana have entered England vari- 
ous times and that some them were cultivated before 1830. 
some the early introductions, previous 1830, were least 
part from southern western North America and possibly from 
South America. These are matters interest connection with 
the problem the origin Lamarckiana, which will now 
briefly considered. 

TABLE 


WITH PUBESCENCE SIMILAR CHARACTER THAT 
LAMARCKIANA AND WITH 


1824. grandifora Lam. Grown garden from seed sent Tate 
from Mexico 1824. letter from Compton states 
that this specimen the Lindley Herbarium Cambridge Uni- 
versity, but recent search for has not been successful.) 

1827. N.W. America. Douglas 126. 1827. (Lindley Herbarium, 
Cambridge University.) 

1828. grandiflora. 1828. Herbarium, Cambridge Uni- 
versity.) Handwriting Lindley. 
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1828. suaveolens Desf. Douglas 1828. (Lindley Herbarium, 
Cambridge University.) 

1867. Herb. Trimes, 1873. Tenby (South Wales), Burrows, April 1867. 
(Herbarium, British Museum.) 

1905. herbario, Theodore Green. Freshfield, July 1905. (Herba- 
rium, British Museum.) Freshfield Lancashire. 

1905. herbario, Theodore Green. Sandhills alongside and 


about Formby, Lancashire. Green. Date August 1905. 
(Herbarium, British Museum.) 


1907. Lamarckiana, narrow-leaved form. St. Anne’s-on-the-Sea, 
West Lancashire. Charles Bailey, 1907. (In the collections 


Charles Bailey the University Manchester, and distributed 
other herbaria.) 


THE PROBLEM THE ORIGIN LAMARCKIANA. 


Our interest the problem the origin Lamarcki- 
ana has shifted with the passing years. longer matter 
deep concern the geneticist when where arose. 
The genetical analyses which this plant has been subjected and 
which are still progress show clearly that Lamarckiana hetero- 
zygous, impure species complicated the presence lethals 
that prevent the full expression certain segregates except when 
occasional shifts the lethals permit their appearance the case 
when thrown. There are also numerical irregularities 
chromosome distribution meiosis which account for several 
the sports from Lamarckiana the case non-disjunction re- 
sponsible for and several other chromosome variants and 
derivatives higher chromosome also, there the chromo- 
some behavior that determines the triploid and tetraploid types. 

impure species Lamarckiana must regarded behaving 
like hybrid whether its heterozygous nature part the result 
gene mutations long standing came about wholly part 
the result some immediate crossings. have shown (Davis 1916, 
1924) that from suitable parent stock biennis and 
similar Lamarckiana that not easily distinguished from this 
species, the collective sense, common taxonomic practice, and 
further that such hybrid may behave selfed lines after manner 
similar that Lamarckiana. 

the student cenotheras, however, will always matter 
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interest trace far possible the history this remarkabie 
plant and other species with which works. Some may still 
hold the hope that Lamarckiana will found wild species, 
local some part North South America. This cannot 
ruled out impossible and would not change its status impure 
heterozygous species, but not think likely for the reason 
that does not have the appearance wild 
The breadth and large size its leaves, the trimness and luxuriance 
its growth are far from the habit wild cenotheras which with 
their narrow and smaller leaves are characteristically weedy ap- 
pearance. Only one that know, approaches Lamarckt- 
ana these respects and that biennis, which one naturally suspects 
possible contributor its parentage the hypothesis that 
Lamarckiana arose hybrid England. 

The history the attempts Gates (1910) establish early 
presence Lamarckiana Europe has been one steady retreat and 
critical examination material Paris has forced the 
conclusion that Lamarck did not grow the plant Paris and did 


not know it. The Paris material will considered another paper 
where certain conclusions Vries, which cannot accept, will 
discussed. 


sheet (Plate IV., Fig. the herbarium Cambridge Uni- 
versity should, however, noted although the specimens are not 
British origin. bears the writing grandiflora, Switzer- 
land, there date but the sheet regarded the 
early nineteenth century. Gates (1915, 15) claims the material 
race.” With this identification cannot agree for the pubescence 
soft hairs scattered sepals and stems. There are red 
papillz the stem bearing stiff hairs, neither there the puberulence 
characteristic Lamarckiana. this material, many herba- 
rium sheets pubescence presents the best evidence 
relationships and the pubescence these specimens not that 
Lamarckiana. The leaves and bracts are rather narrow for La- 
marckiana and the sepal tips are not attenuate. Unfortunately 
mature capsules are not present. This material certainly cannot 
referred Lamarckiana. 
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opinion the only date known for the appearance La- 
marckiana that its introduction the trade Carter and Com- 
pany, about 1860, supported the excellent specimen the plant 
(Plate III.) grown Dr. Asa Gray 1862 from seeds sent from 
England. Before 1860 blank since not believe that any 
specimen description earlier date can identified with La- 

is, however, matter great interest that narrow-leaved, 
large-flowered cenotheras with pubescence similar character 
that Lamarckiana were introduced into England and cultivation 
early 1830. The evidence for this has been given connection 
with the discussion the earlier herbarium sheets listed Table 
Thus Tate 1824 apparently sent seeds from Mexico and certainly 
Douglas 1827, and perhaps later, from North 
(1833) conception and figure biennis var. grandi- 
fiora” (Plate 1V., Fig. probably connected with some this 
material since the specimens were his herbarium. Lindley ex- 
pressly states that “the plant now figured not uncommon the 
gardens.” have then excellent evidence that large-flowered 
cenotheras were cultivation England from about 1830 on, and 
that this material was not grandiflora Solander. They 
were probably mixture forms from different sources and 
different introductions and the scanty herbarium material left 
not likely make close identification possible. 

seems probable that Carter and Company obtained their 
material Lamarckiana England and from large-flowered ceno- 
theras which were evidently favorite plants the English gardens. 
not think that their statement (Floral Magazine, Vol. 1862) 
that the original seed Lamarckiana came from Texas can taken 
seriously which view Vries and Gates have expressed agree- 
ment. That Lindley should have pronounced the plants Carter 
and Company Lamarckiana signifies nothing view 
his obviously uncritical knowledge species shown 
his account biennis var. grandiflora” (Lindley 
1833), with its confused synonymy, and because the specimens 
Lamarck’s plant grown Paris, about 1796, have proved 
(Enothera grandiflora Solander (Davis 1912b). think probable 
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that Carter and Company, struck with the beauty and luxuriance 
some English garden plant garden escape, decided develop 
commercial venture and that their product became invested with 
the myth Texan origin. 

Whether Carter and Company obtained their plant directly from 
English garden garden escape not material, but there 
evidence that could have come from the sand hills Lancashire. 
Granting that Bailey (1907, was correct reporting collections 
Lamarckiana Lancashire early 1881, there is, nevertheless, 
considerable stretch intervening years following the time when 
Carter and Company isolated their line somewhat previous 1860. 
The records biennis from Lancashire (Table show collections 
1810-20 (W. Borrer), 1825-43 (W. Leighton), 1835 (B. 
Allen), 1837 (W. Borrer), 1839 (Miss Potts), 1872 (J. L.), 
1877 (J. Harbord Lewis), 1878 (J. Comber), 1883 and 1885 (Charles 
and there must have been many other visits botanists for 
the region has been one particular interest from the time when 
Smith (1806) wrote enthusiastically its peculiarities the 
Botany.” hardly conceivable that conspicuous 
plant Lamarckiana would pass unrecorded were 
present Lancashire much before 1880. Consequently seem 
forced the conclusion that Lamarckiana came Lancashire 
introduction, opinion held Wheldale (1913). The readiness 
with which Lamarckiana establishes itself England garden 
escape indicates the probable manner its introduction into 
Lancashire. 

Carter and Company obtained their material from among 
cultivated plants English gardens, from garden escapes, there 
are permitted abundant possibilities its being hybrid origin, 
and its parentage might readily have involved biennis and 
some narrow-leaved, large-flowered with pubescence sim- 
ilar Lamarckiana, that is, some species among the 
introductions which know have been grown English gardens 
about 1830 and later. The degree success which attained the 
synthesis plant neo-Lamarckiana (Davis 1916, 1924) from 
franciscana biennis suggests such possible origin since fran- 
ciscana one those western American species narrow-leaved and 
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large-flowered and with pubescence similar character that 

Finally must not forgotten that keeping the name La- 
marckiana for the plants Vries not refer 
Lamarckiana Seringe, 1828, which synonym grandi- 
fiora Solander, 1789, grandiflora Aiton”). The incor- 
rect identification Lindley the material Carter and Company 
has invested commercial product with name that has passed into 
the synonymy grandiflora Solander (Davis 1912b). 
The association the name Lamarckiana with the plant Pro- 
fessor Vries’s life-long research has firmly established the name 
extensive literature, but should always think the species 
(Enothera Lamarckiana Vries, species permanent hetero- 
zygous constitution. 

SUMMARY. 


The evening primrose upon the sand hills Lancashire 1806 
was biennis and not Lamarckiana, 
claimed Vries and Gates. This established specimens 
Smith’s herbarium the Linnean Society London Plate Fig. 
1). From these specimens similar ones Sowerby drew the figures 
(Plate I.) which accompany Smith’s description biennis 
the English Botany,” 1806. 

Material British herbaria (Table gives clear history 
rather frequent collections biennis from Lancashire, following the 
interest aroused Smith’s (1806) account the English Botany.” 
The plant known Don (1832) and Baxter (1839) was also 
biennis. Not until recent years, after 1880, have any records 
Lamarckiana Lancashire discussed Bailey (1907) and 
Wheldon (1913). clear that biennis was grown 
English gardens for more than century previous 1800. 

(Enothera grandiflora Solander has never established itself 
England, probably because the summers are not sufficiently warm. 
British herbaria have almost nothing that may safely identified 
grandiflora. Certain sheets, incorrectly named, refer narrow- 
leaved, large-flowered cenotheras with pubescence similar that 
Lamarckiana (Table 3). Sims’s grandiflora Pu- 
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bescent Great-flowered (1819) was not grandiflora, 
which almost glabrous, but possibly some associated form such 
are known grow the southern United States. 

(Enothera Lamarckiana now widely cultivated England, 
having taken the place biennis popular favor. may fre- 
quently seen garden escape. The most extensive wild stands 
are the sand hills Lancashire. From observations Bailey 
seems probable that Lamarckiana has been Lancashire 
since 1880, but there herbarium evidence its presence this 
region before Bailey’s collections after 1900. The frequent collec- 
tions material from Lancashire (Table from 1806 
the time Bailey’s studies present Lamarckiana, only biennis. 

shown Table there very little herbarium material 
England that may safely identified with Lamarckiana, 
and none this earlier dates than 1860, about which time 
Carter and Company placed Lamarckiana the market. espe- 
cial interest the sheet the Gray Herbarium Harvard Univer- 
sity (Plate with material grown Dr. Asa Gray Cambridge, 
Massachusetts, 1862 from seed sent Thompson Ipswich, 
England. This sheet offered holding the oldest specimens 
Lamarckiana known, possibly not more than one two generations 
removed from the cultures Carter and Company. 

belief that Vries and Gates have failed present 
satisfactory evidence for the existence Lamarckiana previous its 
presentation Carter and Company about 1860. another paper 
shall present the results examination material Paris and 
give further evidence for conclusions that Lamarck’s plant was 
form grandiflora Solander, and that other material 
this period including specimen Michaux’s, believed Vries 
the herbarium Cambridge University (Plate IV, Fig. the 
early nineteenth century with the writing grandiflora, 
Switzerland, claimed Gates (1915, 15) La- 
marckiana, cannot this species because its pubescence soft 
hairs together with other characters. 

There clear evidence British herbaria (Table the 
introduction into England early 1830 and later dates cer- 
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tain narrow-leaved, large-flowered cenotheras with pubescence sim- 
ilar character that Lamarckiana and with red papille. 
particular interest are introductions from America Douglas, estab- 
lished sheets the Lindley Herbarium Cambridge University. 
These plants probably were connected with Lindley’s conception 
biennis var. (1833), the figure which 
reproduced Plate Fig. Other plants this general type 
have appeared later years (Table 3), but matter great 
interest that large-flowered cenotheras, other than biennis, grandiflora 
and Lamarckiana, were cultivated England before 1830, and that 
some these introductions were from southern western North 
America, one both, and possibly from South America. 

With respect the origin Lamarckiana seems 
probable that Carter and Company about 1860 obtained their 
material from some garden England from some garden escape. 


hardly possible that could have come from the sand hills 
Lancashire since the evidence strong that Lamarckiana reached 
Lancashire much later garden escape. arose 
England there are permitted many possibilities its being hybrid 
origin and its parentage might readily have involved bien- 
nis and some narrow-leaved, large-flowered cenothera with pubes- 
cence similar that Lamarckiana, that is, some species 
thera among the introductions known have been grown English 
gardens about 1830 and later. The degree success attained 
the synthesis neo-Lamarckiana (Davis 1916, 1924) 
from biennis suggestive such possible origin, 
since franciscana one those western American species, narrow- 
leaved, large-flowered, and with pubescence similar character 
that Lamarckiana. 
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PREDICTION THE SPECTRUM 
THE COSMIC RAYS. 


MONROE SNYDER. 
(Read November 1926.) 


One the most important results Millikan’s discovery the 
reality and absorptive character the cosmic rays his additional 
discovery ‘‘that these highest frequency rays are not homogeneous, 
cosmic ray spectrum, with definite that has suggested the 
use theory the nature these rays for the prediction the 
band these highest frequency rays. use the principle 
that these limiting X-rays the K-series vary absorption with 
the inverse fifth power the atomic number, have already shown 
that the ultimate element atomic number 143 produces its 
explosive transmutation highest radiation whose mass absorption 
coefficient per meter water .1791, and closely approximates 
the Millikan observation .18 per meter water for this most 
penetrative cosmic radiation. also found that Millikan’s obser- 
vation the softest cosmic rays absorption 0.3 per meter 
water was produced the exploding element number 129, whose 
theoretical radiation has absorption .2997 per meter water. 
The close agreement these theoretical values with Dr. Millikan’s 
observation suggests that would worth while observationally 
locate the other due atoms between numbers 143 
and 129, shown the accompanying table. Here are presented 
all the mass absorption coefficients cosmic rays produced 
atoms from number 143 number 106. Columns and III the 
table state the atomic numbers the radiating elements. Columns 
and state the corresponding line radiations terms their 
mass absorption coefficients per meter water. 

Millikan, Science, November 20, 1925, 446. 


Atomic Volcanism and the Ultimate Proc. Amer. Phil. 
Soc., 1926, 65, 
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TABLE Cosmic Ray 


-1854 
-2775 
-3371 


the new work proposed Dr. Millikan tracing out the 


cosmic ray band the highest mountains Bolivia, does not 
seem likely that can improve his already remarkably accurate 
value for the absorption the cosmic rays highest penetration. 
But since softer cosmic rays may verified the higher mountains 
Bolivia than those observed Mount Whitney seems likely 
that the observations may extended this direction. The 
table shows softer absorption than seems, from present 
knowledge, possible observe anywhere the earth’s surface. 
The highest absorption coefficients predicted the table are 
electroscopically observable, but thus far these lines are beyond the 
reach any spectrographic record. series line radiations 
highest frequency and penetrative energy generated the stars 
this uppermost cosmic ray spectrum Dr. Millikan assumes 
boundless importance. 
Science, July 16, 1926, Supplement, viii. 


PHILADELPHIA OBSERVATORY, 
CENTRAL SCHOOL, PHILADELPHIA, 
August 1926. 
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143 124 
142 123 
122 
140 
139 120 
138 119 
137 118 .4680 
136 117 
135 116 
134 
133 
132 
130 -6355 
129 .6648 
128 109 
127 108 
126 107 -7634 
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